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Preface 


NOW  THAT  YOU  started  training  for  your  5  level  Electrician  Speciality,  you  should  be 
aware  that  most  Air  Force  people  depend  upon  you  for  electrical  service.  Your  main 
responsibility  is  learning  your  craft  and  assuming  the  duties  of  a  competent  electrician. 
This  self-study  course  provides  all  the  needed  information  required  to  perform  your  work 
correctly  and  safely. 

In  this  volume.  Chapter  1  covers  the  organizational  structure  of  the  Air  Force  base  civil 
engineering  unit,  your  career  progression  and  duties,  security,  and  publications.  Chapter 
2  lists  and  describes  work  authorization  documents  and  gives  property  accountability  and 
responsibility.  Chapter  3  emphasizes  on  supervision  and  training.  Chapter  4  is  a 
discussion  on  the  proper  safety  procedures  and  use  of  tools  used  in  this  field,  and  first  aid 
necessary  to  save  a  life. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only  and 
should  be  of  no  concern  to  the  student. 

The  inclusion  of  names  of  any  specific  commercial  product,  commodity,  or  service  in 
this  publication  is  for  information  purposes  only  and  does  not  imply  endorsement  by  the 
Air  Force. 

Direct  your  questions  or  comments  relating  to  the  accuracy  or  currency  of  this  volume 
to  the  course  author:  3700  TCHTW/TTGXF,  ATTN:  MSgt  Jerome  E.  Pollock,  Sheppard 
AFB,  Texas  76311.  If  you  need  an  immediate  response,  call  the  author,  AUTOVON 
736-2087  or  -6283,  between  0800  and  1600  (CST),  Monday  through  Friday.  (NOTE:  Do 
not  use  the  suggestion  program  to  submit  changes  or  corrections  for  this  course.) 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECI's 
instructional  aids  (Your  Key  to  a  Successful  Course,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer, 
training  officer,  or  NCO,  as  appropriate.  If  this  person  can't  answer  your  questions,  send 
them  to  ECI,  Gunter  AFS  AL  36118,  preferably  on  ECI  Form  17,  Student  Request  for 
Assistance. 

This  volume  is  valued  at  33  hours  (U  points). 

M  »terial  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  November 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  is  developed  by  a  series  of  student-centered  objectives,  ^..ch  of 
these  carries  a  three-digit  number  and  is     boldface    oc.  Each  sets  a  learning  goal  for  you.  The  text  that 

follows  the  objective    ^  info     ation  you  need  to  reach  that  goah  The  exercises  following  the 

information  give  ^  ..^^k  on  your  achievement.  When  you  complete  them,  see  whether  your  answers 
match  those  in  the  back  of  this  volume.  If  your  response  to  an  exercise  is  incorrect,  review  the  objective  and 
its  text. 


CE  Organization,  Career  Progression, 
Security,  and  Publications 


THERE  ARE  MANY  base  facilities  used  by  the  Air  Force 
to  carry  out  its  mission.  Each  one  of  these  faciUties  depends 
on  electricity  to  carry  out  its  daily  activities.  This 
electricity  may  be  essential  to  certain  base  activities  to 
operate  computers,  radar  systems,  or  security  systems. 
While  at  other  activities,  electricity  may  only  be  necessary 
for  lighting  and  comfort.  Whatever  the  case  may  be,  you 
have  one  of  the  most  important  jobs  in  the  Air  Force.  You 
will  be  a  crewmember  or  lead  a  crew  in  installing  and 
maintaining  the  interior  wiring  systems  in  base  facilities. 

This  chapter  presents  an  overall  picture  of  a  civil 
engineering  (CE)  organization.  It  also  covers  your  career 
progression,  communications  and  operations  security,  and 
publications  of  particular  value  to  you. 


1-1.  Civil  Enci^!^iwri*«k. ,  C^-c^a(i??rvon 

The  cering  organization  on  an  Air  Force  base 

is  respoi.sible  lOr  the  upkeep  of  the  base.  This  means 
maintaining  all  base  facilities  to  their  fullest  operational 
level.  If  ti^e  lights  go  out  in  a  building,  that  building  is  no 
longer  operational.  People  cannot  work  in  the  dark.  You, 
the  CE  electrician,  must  get  the  lights  back  on.  If  a  building 
is  being  flooded  with  water,  the  plumbing  shop  will  have  to 
shut  the  water  off  and  repair  the  plumbing  that  caused  the 
problem.  If  a  lawnmower  throws  a  rock  through  a  plate 
glass  v/indow,  the  CE  carpenter  shop  will  make  the 
necessary  repairs.  If  a  transformer  bums  out,  causing  all  the 
electric  power  in  a  block  to  go  out,  the  exterior  electric  shop 
gets  the  power  back  on.  There  are  hundi'eds  of  things  on  the 
base  that  need  maintenance,  repair,  or  replacement  each 
day.  In  every  case,  there  is  a  CE  specialist  to  see  that  it  gets 
fixed.  CE  is  an  efficient  but  very  complex  organization.  To 
get  a  closeup  view  of  CE,  let's  first  look  at  the  overall 
mission  and  then  examine  its  organizational  structure. 


001«  From  a  list  of  maintenance  activities,  select  those 
that  do  not  pertain  to  the  overall  mission  of  a  civil 
engineering  organization. 

Base  Civil  Engineering  Mission.  The  primary  mission 
of  the  civil  engineering  organization  is  to  acquire, 
construct,  maintain,  and  operate  real  property  facilities  on 
the  base.  To  understand  what  this  means,  you  must  know 
what  the  Air  Force  means  by  real  property  facilities.  The 
word  "real"  is  a  short  word  meaning  real  estate.  Real  estate 
property  facilities  on  an  Air  Force  base  are  the  things  that 
arc  of  a  permanent  nature  and  for  which  the  Congress  has 
appropriated  funds.  For  example,  real  propertv  inclu^^es 
land,  buildings,  water,  gas,  sewage  d  .  plv  ,ts, 
pavements,  and  railroads.  Examples  of  y  ^^f^^^  t  Aral  are  not 
classified  real  property  include  aircr«.  .ssiles,  NCO 
ciub  equipment,  and  bowling  all^y  equipmeu 

Although  an  aircraft  is  not  jnsidered  real  property,  the 
building  that  houses  the  aircisJt  and  the  equipment  needed 
to  operate  the  building  are  real  property.  The  CE 
organization  does  not  service,  maintain,  or  repair  tlie 
aircraft.  It  does,  however,  maintain  the  hangar  and  the  real 
property  installed  equipment  (RPIE).  In  addition,  CE 
provides  the  facility  with  water,  gas,  electricity,  heating, 
cooling,  and  sewage  disposal.  Nonappropriated  fund 
property  on  base  is  not  real  property.  That  is,  CE  is  not 
accountable  for  this  property.  Examples  of  this  type  of 
property  include  the  equipment  in  the  NCO  club,  bowling 
alley,  and  base  exchange.  Civil  engineering  furnishes  tliese 
facilities  with  utilities  and  it  does  perform  maintenance  for 
them,  but  those  facilities  must  refund  the  costs  of  those 
services  to  the  Air  Force. 

As  part  of  the  primary  mission  of  base  civil  engineering 
support,  CE  also  performs  services  such  as  fire  protection, 
entomology,  landscaping,  ground  maintenance,  and  work 
connected  with  base  recovery  from  natural  and  manmade 
disasters. 
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Exercises  (001): 

1.  in  the  exercises  below,  place  an  X  beside  the 
maintenance  activities  that  are  NOT  the  responsibility 
of  a  CH  technician. 

 a.  The  exterior  walls  of  the  base  hospital  require 

painting. 

 b.  An    electric    motor    operating    a  pin-changing 

machine  in  the  bow  ling  alley  has  burned  up. 

 c.  The  primary  fuse  on  a  transfomier  serving  the  BX 

has  blown. 

 d.  The  roofing  on  one  of  the  houses  in  the  base 

housing  area  needs  replacing. 

 e.  The  auto-hobby  shop  needs  a  larger  special- 
purpose  outlet  to  handle  the  load  for  new  machine 
shop  equipment. 

 f.  The   landing  gear  on  an  aircraft  needs  to  be 

se  .viced. 

002.  Given  a  civil  engineering  organizational  chart,  list 
the  command  block  above  given  units. 

Civil  Engineering  Organization.  You  will  be  working 
with  other  shops  within  the  CE  organization  as  well  as  with 
your  crewmembers.  You  need  to  know  the  line  of  command 
in  the  CE  unit  in  order  to  coordinate  your  shop  functions 
with  other  shops  in  your  unit.  Figure  1-1  shows  the  chain  of 
command  from  the  Base  Civil  Engineer  (BCE)  through 
your  shop.  This  chart  may  differ  from  the  organizational 
chart  of  your  own  unit  due  to  economic  and  geographical 
limitations.  The  organizational  elements  within  the  major 
functional  areas  may  be  vertically  expanded  or  contracted 
to  meet  the  needs  of  your  base. 

Study  this  chart  and  compare  it  to  your  organizational 
chart  and  you  will  gain  abetter  knowledge  of  where  you  are 
in  the  CE  organization.  You  work  out  of  the  interior 
electrical  shop.  Locate  your  shop  on  the  chart.  As  you  can 
see  in  figure  1-1  your  shop  is  one  of  two  under  the  electrical 
block.  In  some  cases  the  power  production  block  is 
combined  with  the  electrical  block.  Each  shop  will  have  a 
supervisor  known  as  the  shop  supervisor.  You  will  work  for 
the  electrical  shop  supervisor. 

The  shops  under  each  block  are  directly  responsible  to  a 
superintendent.  The  interior  and  exterior  electrical  shops 
are  responsible  to  the  electrical  superintendent.  Your 
supervisor,  the  interior  electrical  shop  supervisor,  is 
responsible  to  the  electrical  superintendent.  If  you  follow 
the  line  of  command  up  the  chart,  the  next  block  is  the 
operations  block.  The  operations  and  maintenance  (O&M) 
chief  IS  over  all  the  section  superintendents,  including  the 
electrical  superintendent. 

The  resources  and  requirements  section  is  a  staff  agency 
that  works  for  the  O&M  chief  and  is  there  to  help  the  other 
sections.  The  section  chiefs  are  not  responsible  to  the 
resources  section  but  use  this  section  to  get  their  jobs  done. 

The  next  command  block  up  from  the  operations  block  is 
the  civil  engineer.  As  you  can  see  from  the  chart,  the  BCE 
holds  the  chief  of  operations  responsible  for  all  those  units 
on  the  command  line  below  operations.  The  CE 
organization  is  headed  by  an  officer,  usually  a  professional 
civil  engineer,  who  is  designated  as  the  BCE.  The  BCE  is 


responsible  for  the  overall  planning,  directing,  supervising, 
and  coordinating  of  all  CE  activities  on  the  base.  This 
person  is  directly  responsible  to  the  base  commander. 

The  part  in  figure  1-1  that  is  enclosed  in  dotted  lines 
represents  Energy  Monitoring  and  Control  Systems 
(EMCS).  It  is  enclosed  in  dotted  lines  because  it  may  fall 
under  several  areas  in  the  organizational  chart.  It  is  a  new 
shop  and  may  not  be  found  at  all  bases.  Until  further 
experience  gives  a  basis  for  a  specific,  standard 
organization,  EMCS  Operations,  Instrument  Control,  and 
Electronic  Control  functions  may  be  set  up  as  individual 
work  centers  under  the  O&M  section  (i.e..  Mechanical, 
Electrical)  or  combined  with  other  subelements  within 
O&M. 

The  hospital  maintenance  and  family  housing 
maintenance  blocks  also  come  under  the  control  of  the  chief 
of  operations.  These  two  blocks  are  made  up  of  people 
from  several  shops  and  thus  are  not  directly  under  the 
control  of  any  one  shop. 

E):ercises  (002): 

1 .  Using  the  CE  organizational  chart  in  figure  1-1  list  the 
command  block  for  each  of  the  following  units. 

C£  Unit  Next  Command  Block 

a.  Heat  systems. 


b.  Operations. 


c.  Planning. 


d.  Exterior  electrical. 


e.  Resources  and  requirements. 


f.  Family  housing  maintenance. 


g.  Electrical. 


h.  Interior  electrical. 


i.  Electrical       jr production. 


j.  Housing. 
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003.  Associate  a  representative  list  of  functions  and 
responsibilities  with  their  CE  unit. 

Functions  and  Responsibilities  of  the  BCE.  Base  civil 
engineers  plan,  direct,  supervise,  and  coordinate,  all  CE 
activities  in  the  broad  areas  outlined  below: 

a.  Management  of  Air  Force  real  property. 

b.  Provision  of  utilities. 

c .  Maintenance  and  repair  of  structures  and  equipment. 

d.  Provision  of  custodial,  sanitation,  and  entomological 
services. 

e.  Fire  protection  and  rescue. 

/.  Recovery  from  damage  to  facilities  from  any  cause, 
including  decontamination  assistance  in  recovery  from 
chemical,  biological,  or  radiological  incidents  or  attacks. 

g.  Management  of  the  base  engineer  emergency  force 
(BEEF)  program,  as  required  by  AFR  93-3,  the  Prime 
BEEF  Program. 

/|.  Accomplish  disaster  preparedness  actions  and  provide 
assistance  in  disasters. 

I.  Reports,  through  the  Air  Force  Operational  Reporting 
System,  any  installation  damages  to  airbases,  and 
assistance  and  funding  required  to  recover  airbases. 

j.  Environmental  protection. 

k.  Natural  resources. 

/.  Construction  and  alternation  of  structures. 

As  you  can  see,  the  BCE's  functions  and  responsibilities 
are  broad  in  scope  and  are  difficult,  if  not  impossible,  to 
accomplish  without  a  highly  structured  organization.  To 
help  the  BCE  carry  out  his  or  her  responsibilities,  the  units 
shown  in  figure  1-1  were  developed. 

CE  Units.  The  major  units  covered  under  Uiis  objective 
are  Squadron  and  Administration,  Industrial  Engineering, 
Financial  Management,  Family  Housing  Managment, 
Operations,  Resources  and  Requirements,  Engineering  and 
Environmental  Planning,  and  Fire  Protection. 

Squadron  and  Administration.  This  unit,  often  called  the 
orderly  room  takes  personnel  actions  that  are  delegated  by 
the  squadron  commander.  Some  of  these  functions  include 
counseling,  squadron  duty  rosters,  general  military 
training,  commander's  call,  and  disciplinary  action.  Areas 
the  orderly  room  may  help  you  with  are  issuing  a  meal  card, 
assignment  to  a  room  in  the  dormitory,  or  processing  a 
^'^^ve  request.  The  squadron  commander  is  assisted  by  the 

St  sergeant  and  chief  clerk.  In  very  small  units  the  BCE 
often  acts  as  the  squadron  commander. 

The  administrative  part  is  responsible  for  the 
administrative  work  of  the  civil  engineering  organization. 
This  section  receives,  distributes,  and  dispatches  all 
communications  for  CE.  It  also  prepares  and  maintains 
reports  and  correspondence,  as  well  as  maintaining  the  CE 
library.  In  addition,  it  conducts  special  programs^  such  as 
fund  drives  and  awards.  The  administrative  section  also 
supervises  the  records . 

Industrial  Engineering  (IE).  There  are  two  sections 
located  within  IE:  Industrial  Engineering  Analysis  and  Real 
Estate/Cost  Accounting.  The  IE  analysis  unit  accumulates 
data  from  CE  records,  reports,  and  other  sources.  It 
analyzes  this  data  to  see  if  the  CE  units  are  producing 
according  to  Air  Force  standards.  Where  units  are  operating 


below  standards,  IE  Analysis  makes  recommendations  to 
the  industrial  engineer  for  improvements. 

The  real  estate/cost  accounting  section  plans,  develops, 
and  coordinates  programs  for  the  aquisition  (that  is  ft«  title, 
lease,  easement,  permits,  and  so  forth),  accountability, 
reporting,  and  disposition  of  real  property.  They  also 
advise  the  civil  engineer  officials  on  all  matters  pertaining 
to  cost  accounting. 

Financial  Management.  This  unit  serves  as  advisor  to  the 
BCE  and  provides  advice  on  all  financial  matters.  It 
develops,  prepares,  and  maintains  the  financial  plan  and 
budget  estimates. 

Family  Housing  Management.  There  are  three  sections 
within  Family  Housing  Management:  Housing,  Housing 
Referral,  and  Programming  and  Studies. 

The  Housing  section  manages  all  operations  associated 
with  on-base  family  housing.  Housing  Referral  maintains  a 
list  of  suitable  community  housing.  It  provides  counseling 
and  information  on  off-base  housing  as  well  as  information 
on  schools,  churches,  shopping  centers,  and  other 
conmfiunity  support  facilities  and  services.  Programming 
and  Studies  is  responsible  for  family  housing  requirements 
surveys  and  development  of  data.  It  also  plans  and 
programs  for  new  family  construction  and  improvements. 

Fire  Protection.  Administrative,  Operations^;  iid 
Technical  Services  fall  within  the  Fire  Protection  block. 
The  Administrative  unit  takes  care  of  all  administrative  jobs 
for  the  fire  protection  block.  One  of  its  jobs  includes 
maintaining  records  and  reports  on  fire  incidents, 
personnel,  and  supply  matters.  It  also  makes  sure  that 
personnel  receive  the  proper  training  associated  with  fire 
protection. 

The  Operations  unit  operates  fircfighting  facilities, 
including  fire  alarm  communications,  and  dispatches 
fircfighting  and  rescue  equipment  and  vehicles. 

Technical  Services  is  responsible  for  fire  inspections  and 
the  fire  prevention  program  as  well  as  developing  base  fire 
regulations. 

Engineering  and  Environmental  Planning.  From  figure 
1-1,  you  can  see  that  there  are  three  units  in  this  block: 
Engineering,  Contract  Management,  and  Environmental 
and  Contract  Planning. 

Engineering  handles  the  architectural  and  professional 
engineering  services  for  CE.  Problems  that  are  beyond  the 
capabilities  of  operations  and  maintenance  people  are 
referred  to  the  professional  engineers.  This  unit  reviews  and 
develops  technical  provisions  of  contracts  for  real  property 
facilities. 

Contract  Management  inspects  maintenance,  repair, 
construction,  and  service  woric  done  by  contract.  It  also 
provides  technical  advice  on  proposed  new  construction, 
and  changes  and  repairs  to  existing  facilities. 

Environmental  and  Contract  Planning  is  responsible  for 
conserving  and  managing  natural  resources  as  well  as  the 
environment. 

Resources  and  Requirements.  Within  this  section  of  the 
conmiand  block  are  three  units:  Production  Control, 
Planning,  and  Material  Control. 

Production  Control  receives  and  approves  all  work 
requests     and    determines     the     method     of  work 
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accomplishment.  It  also  prepares  and  maintains  the  in- 
service  work  plan  and  weekly  as  well  as  daily  schedules.  In 
addition,  it  controls  Vwhicle  assignment  and  utilization,  and 
manages  the  taxi  system. 

Planning  works  with  Production  Control  in  i  ^ 
preparation  of  work  orders  and  job  orders.  It  also  inspects 
facilities  for  » -  vntcnancc  and  repair  requirements.  An  other 
job  it  rfoTHi^  is  Ulc  preparation  of  cost  estimates  fui  i- 
service  work  requests , 

Material  Control  '^es  ju^t  what  the  name  implies;  it 
controls  anr^  directs  -^l  support  activities  for  all  items 
of  suppJ^' 

Operations,  This  command  block  is  responsible  for 
directing  the  activities  of  the  Chief  of  Resources  and 
Requirements,  Operations  Superintendents,  and  the  Chief 
of  EMCS.  They  also  manage  Prime  BEEF,  contingency 
planning,  disaster  recovery,  and  readiness  programs.  The 
superintendents  frosn  Pavements  and  Grounds,  Structures, 
Mechanical,  Electrical,  Electric  Power  Production,  and 
Sanitation  are  all  responsible  to  the  Chief  of  Operations. 
Each  of  these  areas  may  contain  several  shops;  for  instance, 
the  electrical  area  has  the  Interior  and  Exterior  Electrical 
Shops.  You  arc  assigned  to  the  Interior  Electric  Shop.  As 
we  stated  earlier,  this  r.hop  is  under  the  command  of  the 
shop  foreman  who  is  under  the  electrical  superintendent. 

NOTE:  Each  sec.  ion  listed  in  this  objective  has  many 
jobs  too  numerous  to  list.  Some  of  their  jobs  are  listed  here, 
but  by  no  means  should  they  be  used  as  a  check  list  of 
mandatory  performance  items.  A  more  detailed  list  of  jobs 
or  functions  may  be  found  in  AFR  85-10,  Operation  and 
Maintenance  of  Real  Property. 

Exercises  (003): 
1.  Match  the  CE  unit  in  column  B  with  the  function  and 
responsibility  in  column  A  by  placing  the  letter  in  the 
space  provided. 

Column  A  Column  B 

Function  and 
Responsibility 

  (1)  Manages  Prime  Beef .  a.  Squadron. 

  (2)  Manages  taxi  system.  b.  Administration. 

  (3)  Responsible     for     fire     c.  Industrial  Engineering. 

prevention  and  protection     d.  Operations, 
program.  e.  Fire  Protection. 

  (4)  Reviews  technical  provi-      f.  Family   Housing  Manage- 

sions  of  contracts  for  real  n^ent. 

property  facilities.  g.  Financial  Management. 

  (5)  Manages  operations  of     h.  Resources    and  Rcquire- 

family  housing.  ments. 

  (6)  Conducts  fund  drives.  i.  Engineering  and  Environ- 

  (7)  Conducts  military  train-         mental  Planning. 

ing. 

  (8)  Manages  financial 

matters. 

  (9)  Maintains  electricity  on 

base. 

 (10)  Analyzes  data  and  makes 

reconunendations  for  im- 
provement. 
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004.  State  the  mission  of  Prime  BEEF,  deployment 
p\  ^dures,  composition  of  teams  CF-l  and  CF-~2,  and 
training  requirements. 

Project  Prime  BEEF.  Prime  BEEF  team  members  arc 
assigned  to  the  base  civil  engineering  organization  as  a  part 
oi  ^he  nonnal  operation  and  maintenance  work  force.  The 
Prime  BEEF  program  is  set  up  to  use  military  personnel  for 
peacetime  real  property  maintenance  and,  at  the  same  time, 
be  prepared  to  support  wartime  or  contingency 
requirements. 

In  the  60's  the  program  had  two  types  of  teams:  mobile 
and  nonmobile.  Mobile  teams  (contingency  and  Flyaway) 
were  designed  to  support  worldwide  contingencies,  special 
air  warfare  operations,  and  disasters.  The  nonmobile  teams 
were  Recovery  (R)  and  Missile  (M)  teams.  The  **R"  team 
provided  a  military  c«viability  to  operate  bases  during 
enemy  attack,  sabotage,  natural  disast-.rs,  major  accidents, 
and  civil  dicturbanc?s. 

In  the  mid  70's,  war  plan  emphasis  changed  from  a 
strategic  nuclear  war  plan  to  a  plan  based  on  a  conventional 
war.  A  larger  mobility  force  is  required  for  this  type  of 
plan.  The  number  of  mobile  teams  was  increased  to  meet 
the  workload.  The  primary  responsibility  for  operating 
maintenance  and  recovery  of  stateside  bases  during  wartime 
is  now  the  responsibility  of  the  civilian  work  force,  with  the 
help  of  contractors.  All  military  personnel  are  designated  as 
deployable  resources  except  for  some  civil  engineers  who 
are  required  for  direct  combat  support  within  the  United 
States.  Team  members  are  placed  by  skills  and  trained  for 
deployment.  ^ 

The  Prime  BEEF  force  is  made  up  of  all  military  in  CH. 
Each  military  person  will  be  assigned  to  a  Prime  BEEF 
team.  In  the  event  of  an  enemy  attack,  a  natural  disaster,  or 
an  emergency  workload,  at  either  a  stateside  or  an  overseas 
base,  a  BtiEF  team  can  be  made  available  t  >  supplement  the 
work  force  at  the  affected  base.  There  are  a  number  of 
Prime  BEEF  teams  that  will  be  covered  in  this  objective, 
but  first,  you  should  become  familiar  with  the  mission  of 
the  Prime  BEEF  teams. 

Mission  of  Prime  BEEF.  The  mission  of  Prime  BEEF 
teams  is  to  perform  direct  combat  support  roles  in  support 
of  the  Air  Force  mission  worldwide  and  to  provide  a  mobile 
rapid  response  capability.  Overseas,  Prime  BEEF  forms  the 
nucleus  for  recovery  of  all  base  facilities  following  an 
attack,  disaster,  or  other  emergency.  These  Prime  BEEF 
teams  maintain  essential  base  operations  and  maintenance 
service  before,  during,  and  immediately  after  an  attack  or 
during  a  major  fire,  flood,  storm,  strike,  or  other  similar 
emergency.  In  the  CONUS,  civilian  employees  will  provide 
such  service  if  the  Prime  BEEF  team  is  deployed.  In  a 
situation  at  their  home  base  that  would  require  a  BEEF 
team,  the  concept  will  be  the  same  as  for  overseas 
locations.  Coordinated  mobility  enables  the  military  to 
move  from  place  to  place  while  retaining  the  ability  to 
fulfill  their  primary  mission. 

Members  assigned  to  a  mobile  Prime  BEEF  team  must  be 
equipped  to  perform  in  their  AFSC  specialty  when 
deployed.  Team  members  will  have  a  mobility  bag 
containing  their  personal  clothing  and  a  tool  kit.  The  tools 
will  conform  to  the  list  given  in  attachment  1  of  AFR  93-3. 


Deployment.  During  peacetime  deployment,  Prime 
BEEF  mobility  teams  may  either  stay  in  the  same  team  or 
be  put  in  with  another  CE  unit  or  RED  HORSE  unit  as 
needed.  These  teams  may  be  attached  to  the  augmented  unit 
as  a  separate  work  element,  if  directed  by  the  gaining 
organization.  The  augmented  unit  provides  project 
direction,  engineering,  administration,  and  logistical 
support.  Prime  BEEF  teams  are  deployed  during  peacetime 
as  directed  by  HQ  USAF  or  Joint  Chiefs  of  Staff  (JCS),  unit 
training,  disaster  recovery  or  emergency  assistance,  and 
project  assistance  as  requested  by  MAJCOM. 

In  times  of  war,  teams  arc  deployed  as  directed  by  war 
plans  or  by  Air  Force  Engineering  and  Services  Center 
(APES).  Gaining  commands  may  redeploy  Prime  BEEF 
forces.  Prime  BEEF  Mobility  teams  are,  as  a  rule, 
integrated  with  base  civil  engineering  squadrons  at  main 
operating  bases.  At  limited,  standby,  and  bare  bases,  teams 
are  normally  used  to  form  a  base  civil  engineering  function. 
Prime  BEEF  teams  are  deployable  woridwide  on  a  28-hour 
notice.  This  28-hour  period  includes  a  24-hour  alert  period 
plus  four  hours  for  deployment  after  the  order  is  received. 

Team  Concept.  Along  with  RED  HORSE,  Prime  BEEF 
teams  help  get  a  base  ready  for  combat  air  operations, 
recover  from  war  damage,  provide  base  operation  and 
maintenance  support,  and  give  crash  rescue  and  fire 
suppression  support. 

Prime  BEEF  Contingency  Force-1  (CF-1)  Team  (UTC 
4F9CA).  This  team  is  a  mobile  team  which  provides  for 
rapid  runway  repair  (RRR).  The  team  will  have  a  total  of  20 
members  from  the  Structural/Pavements  career  fields  and  1 
CE  officer.  Tbe  team  is  deployable  to  main,  limited, 
standby,  co-located  operating,  and  bare  bases  and  requires 
base  operating  support.  The  team  is  also  supplemented  with 
one  CF-2  team  for  full  RRR  capability  and  provides 
additional  support  for  beddown  and  bomb  damage  repair 
when  not  engaged  in  RRR  activities.  Each  member  will 
have  individual  toolkits  plus  selected  home  based  heavy 
equipment. 

Each  team  member  gets  annual  training  in  RRR.  This 
includes  repair  techniques  on  an  actual  or  simulated  crater, 
mat  assembly  and  towing,  and  how  to  operate  related 
vehicles.  Mobility  exercises  will  be  held  at  least  once  every 
24  months  (not  less  than  18  months  and  not  more  than  30 
months)  depending  on  the  availability  of  training  sites.  The 
''hands  on''  training  includes  repairing  large  pavement 
craters,  explosive  ordnance  reconnaissance  (EOR),  and 
chemical  warfare  (CW)  defense  techniques,  small 
pavement  crater  repair,  expedient  facility  and  utility  repair 
techniques,  oversea  utility  systems,  and  installation  of 
Harvest  Eagle  equipment. 

Prime  BEEF  CF-2  Team  (UTC  4F9CB).  This  team 
augments  a  CF^l  team  and  is  also  a  mobile  team.  This  team 
has  a  total  of  70  members  including  1  Electrician 
Apprentice  (3  level),  2  Specialist  (5  level),  and  1 
Technician  (7  level).  The  team  takes  care  of  force 
beddown,  aircraft  arresting  system  installation  or 
relocation,  operations  and  maintenance,  bomb  damage 
repair,  and  natural  disaster  recovery.  This  team  also 
requires  base  operating  support. 

Team  members  are  issued  individual  mobility  toolkits 
and  equipment.  Their  personal  clothing  must  conform  with 
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the  uniform  clothing  allowance.  The  team  will  deploy  with 
a  CF-2  team  toolkit  and  may  also  deploy  with  the  Harvest 
Eagle  kits  and  contingency  support  set. 

Both  CF-2  and  CF--2  team  members  will  receive 
weapons  training  on  the  M-16  rifle  or  .38  caliber  revolver. 
Other  areas  of  training  are  in  military  sanitation* 
government  vehicle  operation,  expedient  methods, 
explosive  ordnance  reconnaissance  (EOR),  and  chemical 
warfare  (CW)  defense,  field  training,  and  RRR.  CF-2 
teams  will  have  mobility  training  the  same  frequency  as 
CF-1  teams. 

There  are  numerous  other  teams  used  in  mobility  and 
contingency  operations.  You  and  technicians  will  not  be 
concerned  with  these  teams.  For  information  on  these  other 
teams,  you  can  refer  to  AFR  93-3,  Air  Force  Civil 
Engineering  Prime  (BEEF)  Program— Base  Engineering 
Emergency  Force,  Chapter  2. 

Exercises  (004): 

1.  What  role  do  military  personnel  assigned  to  Prime 
BEEF  teams  play  during  peace  time  nonemergency 
situations? 


2.  What  significant  changes  were  made  to  the  Prime 
BEEF  concept  in  the  70's  as  opposed  to  the  60's? 


3.  What  were  additional  requirements  placed  cn  the 
Prime  BEEF  operation  due  to  the  changes  of  the  70's? 


4.  What  are  the  two  primary  responsibilities  of  Prime 
BEEF  teams? 


5.  Who  provides  project  direction,  engineering, 
administration,  and  logistical  support  for  Prime  BEEF 
teams  during  peace  time  deployment? 


6.  Within  what  time  limit  must  all  Prime  BEEF  teams  be 
deployable  on  a  worldwide  basis? 


7.  What  career  field  are  the  CF-1  team  members  from? 


8.  List  the  number  of  interior  electrical  personnel  and 
their  skill  level  that  are  assigned  to  the  CF-2  teams. 
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9.  What  is  each  CF-2  team  member  personally  issued  in 
the  way  of  equipment? 


10.  What  weapons  are  Prime  BEEF  teams  trained  on? 


OOS.  Stme  the  function  of  a  RED  HORSE  Squadron  and 
identify  the  echelons  of  deployment  from  a  list  of  tasks. 

Function  of  REDHORSE.  Air  Force  squadrons  with  the 
title  **RED  HORSE"  have  the  ability  to  repair  major 
damage  that  is  inflicted  on  a  base.  RED  HORSE  means 
*'Rapid  Engineer  Deployable  Heavy  Operations  Repair 
.Squadrons  Engineer."  '*RED  HORSE"  is  much  easier  for 
you  to  say.  The  title  explains,  to  a  large  extent,  the  function 
of  the  RED  HORSE  unit. 

RED  HORSE  squadrons  provide  heavy  equipment  repair 
and  construction  of  troop  facilities  when  and  where  the 
requirements  exceed  the  base  CE's  capabilities,  and  when 
Army  or  Navy  support  is  not  readily  available.  These 
squadrons  are  formed  with  trained  personnel  from  all  major 
commands  (MAJCOMS).  The  members  are  given  training 
to  make  them  proficient  in  all  areas  of  their  skills.  This 
training  is  necessary  to  meet  the  high  standards  required  of 
persons  in  RED  HORSE  squadrons.  RED  HORSE 
squadrons  are  capable  of  rapid  deployment  and  are 
responsive  to  the  following  situations: 

a.  Worldwide  requirements  as  directed  by  Headquarters 

USAF. 

b.  USAF  tactical  forces  deployed  in  conjunction  with 
war  or  the  likely  event  of  war. 

c.  Establishment  of  new  base  facilities  or  the  expansion 
and  upgrading  of  existing  base  facilties. 

rf.  The  repair  or  replacement  of  damaged  or  destroyed 
facilities  in  combat  zones. 

e.  Meeting  recovery  requirements  for  Air  Force  facilities 
in  case  of  natural  disasters. 

/.  Training  exercises,  maneuvers,  and  special  projects. 

RED  HORSE  .Jso  makes  major  construction  alterations 
and  additions  to  an  existing  base,  as  would  be  the  case  when 
a  runway  is  lengthened,  a  hanger  is  built,  or  aircraft  parking 
ramps  and  taxiways  are  constructed. 

The  RED  HORSE  squadron  can  move  on  to  an 
abandoned  air  base  and  restore  it  to  the  extent  necessary  for 
flying  operations.  Also,  the  squadron  can  move  into  an  area 
where  there  has  never  been  a  base  and  build  one. 

Deployment.  RED  HORSE  Squadrons  are  organized 
into  three  deployment  echelons: 

CES-1,  an  air-transportable  squadron  made  up  of  14 
people  and  can  be  deployed  12  hours  after  notification.  This 
squadron  performs  advanced  airfield  surveys,  site  layout, 
and  prepares  for  future  development  of  a  base  of  operations 
during  contingencies. 

CES-2,  an  air-transportable  squadron  made  up  of  81 
people  and  can  be  deployed  72  hours  after  notification.  It 
can  perform  heavy  bomb  damage  repair,  build  shelters. 


l^crforiu  Hniitcil  ciulhwoik  and  lighi  base  acvclopmcnt 
(such  as  installing  aircraft  arresting  sysionis,  expedient 
airfield  matting  nd  essential  utihiy  systems)  during  the 
initial  phase  ot\^  iiiigeneies. 

CES-3,  a  surfiu  o  movenuMM  squadron  which  can  deploy 
in  10  days  after  noiification,  and  can  perform  heavy  repair, 
permanent  construction,  and  airfield  expansion. 
Each  echelon  Ik:s  its  own  separalely  identified  personnel 
Lnd  equipment.  Deplovmcnt  to  a  bare  base  is  done  b) 
CES-1  and  CKS-2.  and  is  augmented  by  firefighting  or 
crash  rescue  teams  A  bare  base  is  a  base  which  has  as  a 
minimum,  a  runway,  taxiway(s),  and  parking  areas  that  are 
adequate  for  the  deployed  force,  and  which  has  a  source  of 
water  that  can  be  made  potable. 

Exercises  (005): 

I .   How  are  RED  HORSI:  Squadrons  fornied? 


2.   What  services  do  RHD  I  lORSE  Squadrons  perform? 


3. 


a. 
b. 

c. 

d. 

e. 
f. 


From  the  list  of  tasks  below  performed  by  RED 
HORSE  Squadrons,  designate  which  echelon  performs 
the  task  by  placing  CES-K  CES~2,  or  CES-3  in  the 
space  provided. 


.  Field  surveys. 

.  Rapid  runw  ay  repair. 

.Install  high  iniensity  discharge  lighting  in 
hangar. 

_  Extend  an  existing  runway  by  1000  ft. 

.  Install  an  aircraft  arresting  barrier. 

.  Make  preparations  for  future  development. 


a  new 


1  -2.  Career  Progression 

The  military  services  long  have  recognized  that  people 
possess  different  aptitudes,  abilities,  and  interests.  The 
present  airman  classification  system  was  adopted  shortly 
after  the  Air  Force  became  a  separate  branch  of  service.  It 
has  remained  basically  unchanged  since.  The  system  uses  a 
testing  program  to  identify  each  airman's  aptitude  and 
abilities  ^  j  that  he  or  she  can  be  assigned  to  a  suitable  career 
field.  Thi^  system  provides  a  systematic  method  by  which 
the  Air  Force  insures  that  each  job  is  filled  by  well-qualified 
people.  It  also  affords  each  person  an  opportunity  to 
advance  within  their  chosen  field  according  to  their 
abilities.  The  purpose  of  the  classification  system  is  to 
identify  the  duties  and  tasks  to  be  done  in  each  job,  and  to 
identify  the  individuals  who  have  or  can  develop  the 
abilities  to  perform  the  job. 

Jobs  in  the  Air  Force  are  classified  into  career  fields.  All 
similar  or  related  jobs  are  grouped  together  to  form  a  career 
field.  At  present,  there  are  47  career  fields  in  which  airman 
can   be   assigned.    Furthermore,   each   career   field  is 
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subdivided  into  individual  jobs  or  specialities.  Hach 
subdivision  of  a  career  field  is  called  a  career  field  ladder. 

To  become  better  acquainted  with  your  career  field,  you 
need  specific  information.  The  following  objectives 
provide  this  information. 


006,  Identify  AFSC,  activities,  and  responsibilities 
associated  with  the  steps  in  an  airman 
mechanical  electrical  career  ladder. 


Airman  Mechanical/Electrical  Career  Field  Chart, 

This  chart  is  a  graphic  presentation  of  the  54  career  field 
and  IS  shown  in  figure  1-2.  As  you  can  see,  the  54  career 
field  is  made  up  of  a  number  of  Air  Force  specialties.  Your 
specialty,  as  you  well  know,  is  electrician,  AFSC  542X0. 
By  observing  the  chart,  you  can  see  just  how  you  fit  into  the 
picture.  If  you  are  a  3-level  electrician,  notice  that  your 
present  position  is  Apprentice  Electrician,  AFSC  54230.  It 
is  shown  just  below  the  position  you  are  working  for,  AFSC 
54250.  There  are  pay  grades  for  each  skill  level.  For 
example,  the  pay  grade  for  an  electrician  is  E3.  E4.  or  E5, 


ELECTRICAL 
MANAGER 

CEM  54200 

ELECT 
SUPERIN 

AFSC 

UCAL 
TENDENT 

MECHANICAL 
MANAGER 

CEM  54700 

MECHAf 
SUPERINI 

AFSC 

aCAL 
PENDENT 

54790 

ELECTRICIAN 
AFSC  5425D 


APPRENTICE 
ELECTRICIAN 
AFSC  5423D 


ELECTRIC 
POWER  LINE 
SPECIALIST 
AFSC  54211 

Al^p^L^CTrtTc 

POWER  LINE 
SPECIALIST 
AFSC  54231 


ELECTRICAL 
POWER  PRODUCTION 

SPECIALIST 

jSFSC   54252 

APP  ELEcTkTtAT 
POWER  PRODUCTION 

SPECIALIST 
AFSC  54232 


REFRIGERATION  & 
CRYOGENICS 
SPECIALIST 

AF^C  g4i5fi 

APP  REFRIG  & 
CRYOGENICS 
SPECIALIST  , 
AFSC  54232 


LIQUID  FUEL 

SYS  MAINT 
SPECIALIST 

fAFSQ  54^a 

^PP  LIQUID  FUEP 
SYS  MAINT 
SPECIALIST 
AFSC  5463D 


HEATING 
SYSTEMS 
SPECIALIST 

AFSC   5475Q__ 

APP  HEATirVT 

SYSTEMS 
SPECIALIST 
AFSC  54530 


aAsic 

ELECTRICI.^N 
COURSE 


BASIC 
ELECTRIC  POWER 
LINE  COURSE 


BASIC 
ELECTRICAL  POWER 
PRODUCTION 
COURSE 


BASIC 
REFRIGERATION  & 
CRYOf^^NICS 
COURSE 


BASIC 

BASIC 

LIQUID  FUEL 

HEATING 

SYS  MAINT 

SYSTEMS 

COURSE 

COURSE 

LIQUID  FUEL 

HEAVING 

SYS  MAINT 

SYSTEMS 

HELPER 

HELPER 

AFSC  54610 

AFSC  54710 

•AIRMAN  MECHANICAL/ELECTRICAL  CAREER  FIELD  CHART 


LEGtND  FOR  TRAINING  COURSES 


Figure  1-2.  Mechanical/ElectricaJ  Career  Field  Chan. 
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The  electrical  superintendent,  AFSC  54299,  above  the 
three  electrical  specialities,  is  in  charge  of  the  three 
specialties.  The  three  electrical  specialties  are  electrician, 
power  lineman,  and  power  production.  The  three  electrical 
specialties  feed  into  the  superintendent  position.  The  54 
career  field  includes  other  specialties,  as  shown  in  the 
chart.  Often  you  will  work  closely  with  people  from  these 
shops.  A  cooperative  altitude  on  your  part,  as  well  as  the 
other  people,  will  help  to  get  CE  jobs  done  better  and  faster. 

The  electrical  manager,  AFSC  54200,  the  next  position 
above  the  electrical  superintendent,  is  an  E9,  Chief  Master 
Sergeant.  This  position  is  known  as  the  Chief  Enlisted 
Manager  (CEM).  Only  a  Chief  can  hold  this  position.  This 
person  has  had  extensive  experience  and  training,  a  high 
managerial  ability  to  plan,  direct,  coordinate,  implement, 
and  control  a  wide  range  of  work  activities  in  the  electrical 
specialties. 

Exercises  (006); 

1.  What  is  the  AFSC  of  each  step  up  the  career  field 
ladder  from  basic  airman  to  manager  in  your  career 
field?  Use  figure  1-2. 

TITLE 

a.  Basic  airman. 

b.  Electrical  helper. 

c.  Apprentice  electrician. 

d.  Electrician. 

e .  Electrical  Technician . 

f.  Electric  Superintendent. 

g.  Electric  Manager. 


2.  If  you  were  a  5-level  electrician,  what  is  the  highest 
grade  you  can  hold? 


3.  Your  electrical  superintendent  is  from  one  of  what  three 
specialties? 


4.  What  is  ihe  electrical  manager's  main  responsibilities? 


007.  Select  the  duties  and  responsibilities  that  belong  to 
the  specialist  level  electrician. 

Duties  and  Responsibilities  of  an  Electrician.  You 

must  know  what  your  duties  and  responsibilities  are  if  you 
are  to  do  your  job  well.  Ability  is  important  and  needed,  but 
if  you  do  not  know  what  the  job  requires,  you  have  trouble 
in  making  full  use  of  your  abilities.  Your  duties  and 
responsibilities  are  found  in  AFR  39-1,  Airman 
Classification  Regulation.  Your  specialty  description, 
AFSC  54250,  along  with  the  Electrical  Technician,  AFSC 
54270,  and  Electrical  Superintendent,  AFSC  54299  has 


been  reproduced  here  for  your  convenience  and  study. 
Refer  to  figures  1-3,  1-4,  anu  1-5. 

In  figure  1-3,  you  can  see  the  specialty  description  you 
are  studying  and  working  toward.  Note  that  it  is  broken 
down  into  four  main  section::    These  are  (1)  specialty 
summary,  (2)  duties  and  responsibilities,  (3)  specialty 
qualifications,  and  (4)  specialty  data.  Each  of  these  sections 
has  information  of  value  but  the  most  important  to  you  arc 
the     **duties    and    responsibilities"     and    * 'specialty 
qualification.'*  You  can  see  from  your  specialty  description 
that  you  do  quite  a  lot  of  maintenance  and  repair  work  and  a 
little    supervision.     You    are    expected    to  perform 
maintenance  work  and  as  you  gain  in  experience  and 
knowledge  you  will  be  put  in  charge  of  work  crews.  As  you 
progress   up   your   ladder,   you   will   be   doing  more 
supervisory  type  work.  The  added  supervisory  requirements 
separate  the  specialist  from  the  apprentice  and  forms  the 
basis  for  advancement  to  the  technician  position.  Study  the 
three  specialty  descriptions  for  your  career  field  in  this  text 
and  know  the  differences  in  their  requirements.  Use  the 
knowledge  you  have  gained  here  to  help  you  progress  in 
your  specialty. 

Exercises  (007): 

1.   Place  an  ''X"  in  the  space  provided  beside  the  duties 
performed  by  a  specialist  level  electrician. 

 a   Connects  and  utilizes  test  equipment  and  meters  for 

locating  malfunctions. 

 b.  Cuts,  threads,  and  bends  conduit. 

 c.  Solves  complex  installation  and  repair  problems  by 

studying  wiring  diagrams. 

 d.  Pulls  conductors  into  conduits  and  raceways. 

 e.  Directs  electrical  maintenance  activities. 

 f .  Determines    procedures    for    maintenance  and 

modifications  of  installed  equipment. 
 g.  Cleans,  repairs,  and  replaces  armature  and  field 

windings. 
 h.  Replaces  defective  ballasts. 

 i.  Reviews  repairs  to  insure  compliance  with  National 

Electric  Code. 

 j.  Develops  organizational  structure  to  define  lines  of 

authority. 

1-3.  Communications  Security  (COMSEC) 

Like  safety,  security  is  a  topic  that  applies  to  each  of  us 
all  the  time.  The  word  "security,"  of  course,  refers  to  the 
protection  of  Air  Force  information  and  materials.  This 
protection  is  designed  to  provide  for  the  Air  Force  the 
freedom  and  secrecy  of  actions  needed  to  do  our  part  in  the 
national  defense. 

The  fact  that  you  don't  handle  items  marked  ''classified" 
doesn't  mean  you  are  exempt  from  taking  part  in  the 
security  program.  In  fact,  those  who  seldom  work  in,  or 
with,  a  security  atmosphere,  rnay  well  be  the  most 
vulnerable  to  another  nation's  collection  of  facts  related  to 
Air  Force  operations. 

The  United  States  must  protect  against  hostile, 
destructive,  or  subversive  action.  To  do  this,  certain  official 
information   affecting   the   national    security   must  be 
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ind  repilr  ind  idjmtmenl  of  elictricilly  opented  ciicuit 


Men.  Initillii  rtpiiri,  miintiira,  troubieihooti,  ind 
tnti  wltd  Ml  Hfctronic  fquipfnent  n»ch  m  motor 
controlkn,  nitch  gein,  pov/tr  tupplia,  li|htln|  control 
lyilemi,  ind  electronic  ilitm  lyitcm  componenti, 
Mt,  teitj,  tnd  mtintilni  electric  powtr  xiiirce)  for 
cithodic  protection  lyitcmt.  ImUlb,  Krvket,  md 
repiin,  illhou|h  ^  volti  ii  normil  voltige  limit, 
isolited,  de-entrH  hlfh  voltife  etiuipment  uiociited 
iith  powtr  ynetition  ind  interior  dittilbution  lyiiemi. 

c,  Iniprtn  effcMwi  D'Jffmi  tnd  f^/pmenr 
Intpect)  completed  or  infrotreu  work  10  innire 
compliince  with  itindini  opmtln}  proctdum,  afety 
(iindird),  uid  lechnicil  publicitioni,  Perform}  periodic 
impectlonj  to  determine  ufety  ind  opetitionil 
condition  of  electric  power  ind  control  lyttemi  Detecu 
potentlil  milfunctions  by  eximlnini  for  looie 
conneciioni:  improper  iuulition;  ovtrheitint  of 
electricil  tytlcmt  component!;  md  undesnble 
collectioni  of  dirt,  trend  nioliturt,  ind  corroiion  on 
clectrKil  equipment  wirlni  ind  Inctomrr..  Interprtti 
inspection  fbdlnp,  ind  dcleiminei  idequicy  of 
contctt»ciction. 

d,  Suptmtitltttrictlpaioml  Plin)ind)ch<dules 
work  litignmenti.  Eiubliihct  work  methods, 
production  control],  md  perfomitnce  Mindardt  for 
lubordinile}.  Intutei  iviilibllily  of  requlrtd 
milntenince  ipment,  loob.  tttt  imtrtimcnti,  ind 
jpace  pull  Enluitn  pctforminct  of  tubordimtn 
performing  IniUllition,  repair,  urvlcin^  ind  tctt 
function!  in  termt  of  compllince  with  policiei, 
dircctivei,  ind  technicil  minuilt  ind  orden.  Conducts 
on-the-job  trbning  of  dectiicil  pet)onntl  in  intillition, 
lerviclng,  tett,  ind  rtpilr  of  interior  dectricil 
diitiibution  ind  utOiziilon  equipment  rd  control 
sy}temr 


temperiture  lenuni  devicei,  typo  ind  fimcdoru  of 
relays).  ^lem  ^wndinj  lyitrmi  and 

equipmtni  (li|htnin|  vmm^  ihielding  meini.  power 
ind  uiiliuiicin  equipment  poiindinit  ichtmeslicithodii: 
protfcdon,  rtiinj?  ind  interprflition  of  elettrK 
ichemitic  ind  one-lire  du^rims,  ufdy  mlo  ind 
practKct:  rescue  ind  muscitilion  of  elMrK  shock 
Wilms;  operation  of  teit  instruments,  md  use  of  hind 
power  tools  used  in  the  instiliilion  md  repui  ofekcinc 
equipment  md  systems  ui  mmditory.  Possession  of 
mwdilofy  knowledp  mil  be  determined  in  sccoidmce 
wthAFR.^?  1 

it'.\!mtm.  Completion  of  higfi  scliwl  wth 
counes  tn  phyiiEs  md  miihemitics  is  d(suibl(, 


1.  C,Ttii<  Spmti  M  seigemi  thiuunh  mislei 
serpiTl 

b,  Rt*mOOTU 


c,  iJiKrimr.  (JuilificKion  %  in  fleclriuw  is 
mindiniry  In  idditii^,  rxpeneiite  in  pcifomiinfi  01 
supcrvijinp  ImUrn  vich  3s  iht  innillidon, 
msiniftijrif,  lriHiWfi}i(>iiiinji,  ind  rrpaii  t»f  clcvinril 
disinbittiiin  ind  utili/iiinn  (qtiipnitni  inii  lyjitms  11 
minditor), 

d  Trsmji 

(1)  Compltlion  ^)f  in  sdvanked  ck^num 
(ouiv  isJ»irible. 

(21  Comptelion  of  ipptnpnalc  biio  level 
njnjjftrrnuniir^en  <lniriblf 

e  Oikf  Noimil  colot  visio:i  «  defined  in  Al'R 
m-Al  ismindJloo'. 
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).  SPECIALTY  QUALtFlCATIONS 


I.  Knowkd^.  Knowledje  of  principles  of  electricity 
to  include  computition  ind  metiurtmcnt  of  common 
ptopertiti  (i«istince,  induclmce,  eipKiuncc,  electric 
potential,  md  ctirrent  flow);  mifnetiim;  electrk  dicuit 
lulysis;  roliling  mxhinery  openlion  md  control; 
rtpiir,  Krvicing.  md  instiUiilon  of  hi^  voltip 
equipment;  industriil  electronic^  (ofenilon  md 
dements  of  rectifiers,  vollip  tepiliton,  photoelectric 


md  implifier  drcuib);  conitnictlon  md  laembly  of 
printed  circuit  boards,  tnnsistori,  cipiclton,  md 
diodes;  opention  of  solid  stite  lest  equipment; 
dectroiT  soldtrini  techniques;  motor  control,  circuits, 
md  protective  dtwts  (synchronotu  md  induction 
motor  controllen,  ovtrcuntnt  md  onrvottip 
prottctnn);  trinsfoimtr  opcitions  md  connections; 
dectricil  equipment  control  circuits  (servomechmisms, 


Figure  H,  Electrical  technidap, 
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dWbutloii  lAd  (sidpniaw  ^        ^     "^^^       V«cini;  aad  tkM 
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plMi,  «d  Khcdiiln  wotk  ind  tnlnin|  uiijtniffitt. 

to  inun  effMlTe  pttooiic]  uUUiiUofl  lad  to  tomw 
cHlckflcy  ud  mmi  of  opmtiofl.  hnldei  forud 
cofitrok  uie  of  equipment,  i^- ,  nvj  wppUa  Mom 
wpaiutioditni«uitiod«()«llDciofw 
i»iri  ipecific  retpoulbilltiti  Pnfwm  ud 
ccoidlniitt  dectrici)  dlitiibutloo  ml  tftm  out^ 
tt«lnienin«,  tod  repiir  rtqulnnieQti  wtth  ttltttd 
WWliennduiw. 

b.ftrwi  rifrtrtoi/  iMi  SupttYhn  work 
Ktompliihmfflt  In  ekctrial  powv  pndudioQ  ia| 
«lraiAiJTc«%kftttiyttlttbyM^ 
ipedllc  fiiflctkxd  luch  u  MitloD,  nodifleatiMi, 
opention,  miaiam,  trpili  ud  onduul  of 
^uipnnit.  Included  ire  pt  tsd  dkiel  ii^iM, 
tui^iDtt,  tleim  invnton,  ud  rotitlni  lu]  Mitic  UFS- 
UKl  oodiied  ekctric  powr  ftmbi  v^^m  to 
Inciude  tomhi  nfulitiiit,  ncordisi  ud  aodlorlM 
PfiniiiyplutDqiilpra^ 

Dincu  utility  electiicij  power  conjtnictioQ,  Mtion. 
opention,  miijitetunct  ud  tepilr  ittirititt  to  bcbdi 
hilh  yoltip  vori(;  lirfUd  lul  tpcrond 
mm\  onrheid  lod  luideipDiind  Mim 
Jyitoni;  lire  ilim,  tomajon  ud  control  tfttm 
cilhodlc  prottctioii  lyttmi;  interior  clectjici)  loA; 
wd  eiectiial  uppon  of  iM  wtepoo  lywea,' 
EmblUhci  teun  or  ihlfli  Identifiei  md  ctntroh 
nquationlfli  pwti,  lyitemi,  fiidi,  jubricun,  bad) 
«ock  end  technical  pubttatiooi  lim  oonpliance 
iifety  pncticn  ud  rtjuktiott.  Aulm 
produciMty  ud  toik  quiBty.  Moniton 
pnerjtiri  unit  recordj  ud  ui^  for  or|inl«tjoQ, 
intermedliie  or  depot  iml  nuintnuoe;  ud 
pitpwtioij  of  miiDinuncc  foni^  tepom  ud  rwordv 


Iw«  wid  lop  ife  deuuci  proctdura  for  iH  nftj 
flWd  in  malittenince  of  etectiicil  lYitemi  md/or 
equlpoieDi. 

wcrtcrf  pffioviei  Direct!  on-Ov^  tnlalu  ud 
nwiiton  propui  of  penoniNL  Plini  and  cooducti 
WDfewMB  ifld  cbei  for  bitnictlni  pertoorie 
ptt)j*cti,  woA  nqiteotit  wd  eqtt^ent  Ajtumi 
f«  itteodua  of  lekted  indlrUuali  u  r<mil  ud 
iptcUtnl&ifliaunei, 

ilmti  mi  fNkw  (irriri^  rrirtric. 
Worai  peMc  ud  piial  infecUooi  of  eieciiial 
•rtiiWei  10  iflwii  coriipllu»idibpolld«.r^ 
■odtecU  ptibUcitlofli;  ud  to  pnnide  k 
«%  nilQttuiKc,  luppty,  ud  ptnoiMl  problem, 
utnpreu  laipictlcQ  findlqp  ud  bltiitee  ccrnctln 
«tioQ.  (XiUirti  certlfiatlGfl  of  potet  b  oev  fat 
peifonniace  of  toet  oit  e«r|ittd  lyitemi;  ud 
JJtllkitiOfl  of  power  predt^ 
pUnt,  UPS  ud  lUttSiy  pstntor  opentlod  Iniuia 
idaquicy  of  nuioteouct  pofonntd  oa  power  lyitenji. 
(AUHu  ^  toc^  ud  ft^Q^TOent  luiitiied  for  ofe 
penoflnuoeortubiK^, 

TOMol  pro6toi  lad  Inttrpwti  miflmli  wA  tarhni^ 
publication)  ippUable  to  wcttmctioij,  inttillitioa, 
BWdlflcitiM,  opentioD,  ffiiioteoutt,  repiir,  ud 
wjAwl  of  electilcil  power  f/tm^  t^tm  ud 
liicfift  umtiQi  lyitem  liokttiunuiuilinilfiinctioM: 
eiinlrw  fulty  anipontQU  ud  miteiiil;  ud* 
detenaiw  need  for  repair,  replictnicat,  ud/ot  need  for 
wnilttlfii  nuUiiil  defldeocy  ud  unmitfictoty 
"porti  und<r  All  Foia  itjtilitioni,  Evilmtei 
^niM  effectiTtnes  of  electifcil  lyiteim  loj 
recowmendi  eii|inecrfj<  itudieiexMiininiDjodlllciiion 
ofequipoestudntttnli]). 


(1)  KnowWieoftheprifldplttoidcctJidly 
eiectiial  drcuiuy  ud  dirtribution,  Intenul  combwtion 
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ind  other  prlw  nwren  for  e>  <tricjl  lueritlni 
iy«Hni  or  uniu;  chnderiitici,  dpiblUtiei,  ud 
ippHtttloM  of  electrio]  perition  ind  diitrfeutlon 


equlproeflt  ud  nuledij  nich  n  englno,  pnenioci 
foutlaiudwic  UPS;  toUdttitecoipoMni,,  wire 
coodtilt,  B»tor»»  tnmfomwi,  n(ul*tct»,  loknoWi, 
dmilt  biMkfrt,  ttildiei,  control  lynemi,  itliyi  ud 
fiw;  proc»dorei  for  itpiii  of    tolt^fl  ctia^ 
equlpii«|;biluclfl|ofloidi;i^ 
jMlDlewrw  ofiircriftirwtia|,y,(tn»;(lrcilTO^ 
intnaion  ud  (sntral  i)fttetns;  ciliiodlc  pnxectloo 
lyttenttiiadiifetynJetudpncticeiliiDndjtory 
(2)  KMwledie  of  fkld  expedient  coiBlw 
niiintenin»,  ud  opcrtiion,  hit!^  m  unltjtion 
fitttild.udwoikpirtlei,|idSr 
b.f;ki*ii  Cooipletioo  of  htfi  Kbool  witli 


cwnciinphyiiciudctorybdeiinble. 

z^Exp(rimr  QuiHfbtion  u  u  Ektrleil 
Teduiidu.  Beclrldl  Power  li«  Tedinidu  or 
Efcctrial  fmt  Pjoducllon  Tediniciw  k  muditory,  In 
addition,  experbce  In  dirfcdi^  fimctka  audi'ii 
iwpwtiwi,  opention,  iwinicaancc,  ttl  repair  of 
Inurior,  ejtalor.  ud  electrid  power  poetKlii 
equipowt  aod  lyjtemi;  loUtlnj  ud  tulk  UPS,  lod 
ilrcnftumiinjiyKejwiinundilojy. 
4d.7)iMf.Notipplicible, 

e.  Othff.  Nomiil  color  Yidon  it  de(bed  b  AFR 
l«-43biiiinditory. 
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Figure  1-5.  Electrical  superintendent. 
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protected.  This  is  done  to  keep  unauthorized  persons  or 
agencies  from  obtaining  it.  At  the  same  time,  U.S.  citizens 
must  be  kept  informed  of  the  activities  of  their 
Government.  Therefore,  information  may  be  withheld  only 
when  necessary  in  the  national  interest,  and  it  must  be 
removed  from  any  security  system  as  soon  as  that  protection 
is  no  longer  warranted. 

Using  the  telephone  to  discuss  classified  information  is 
strictly  foibidden  by  AFR  205-1,  Information  Security 
Program  (Supplements  DOD  5200. 1 -R).  Using  any  other 
insecure  method  to  discuss  classified  information  is  also 
forbidden.    Discussion   of  classified   information  with 
insecure  communications,  however,  is  not  the  problem. 
The    problem    is    that    your    unclassified  telephone 
conversations  with  your  friends  and  seemingly  unrelated, 
unclassified  telephone  conversations  made  by  other  base 
personnel  can  provide  an  enemy  agent  bits  and  pieces  of 
information.    Here,    we    examine    COMSEC   and  its 
importance  to  the  protection  of  classified  information.  Our 
intent  is  to  help  you  gain  the  knowledge  you  need  in 
protecting  classified  information.  Additionally,  this  text 
helps  you  satisfy  some  of  the  training  needs  identified  in  the 
communications  security  education  program  (CSEP). 


instructions  wherein  the  security  of  classified  information  is 
a  factor  or  might  be  affected,  must  be  informed  of  the 
specific  requirement  of  the  regulations  and  supplemental 
instructions  that  apply  to  them  in  the  performance  of  those 
duties. 

c.  All  individuals  who  exercise  supervision  over 
personnel  are  responsible  for  assuring  their  adherence  to  the 
instructions  which  apply  to  them. 

d.  Supervisory  personnel  should  conduct  this  orientation 
and  training  as  an  integral  part  of  their  assigned 
responsibilities. 

Exercises  (008;: 

1.  What  are  your  personal  responsibilities  under  the 
information  security  program? 


2.  What  are  the  minimum  requirements,  presented  in  a 
security  orientation  briefing? 


008.  State  the  individuars  responsibilities  in  the 
information  security  program,  and  list  the  minimum 
security  orientation  requirements. 

Individual  Responsibilities.  Security  is  the  sum  total  of 
each  indiv  idual's  adherence  to  and  compliance  with  sound 
protective  practices.  Adequate  security  can  be  obtained 
only  by  sound  direction  from  supervisors,  coupled  with 
alert  performance  of  duty  by  each  member  of  the  Air  Force. 
You  are  responsible  for  familiarizing  yourself  with,  and 
adhering  to  (a)  the  provisions  of  the  regulations  and 
supplementary  instructions  which  apply  to  your  assigned 
duties,  (b)  protecting  and  accounting  for  all  classified 
information  you  know  or  possess,  regardless  of  how  you 
obtained  it,  and  (c)  making  sure  that  any  document  you  sign 
Of  that  any  instruction  you  give  does  not  require,  authorize, 
or  imply  an  action  in  violation  of  information  security 
policies. 

Security  Orientation.  The  details  of  each  command  or 
office  security  orientation  program  must  be  designed  to 
satisfy  the  requirements  of  the  mission  and  functions  of  the 
organization  or  office.  The  content  of  the  program  must 
also  be  varied  according  to  the  duties  and  responsibilities  of 
different  groups  of  people.  This  briefing  must  cover  the 
elements  listed  in  DOD  5200. 1-R,  Information  Security 
Program.  (This  DOD  regulation  is  supplemented  by  AFR 
205-1.)  Minimum  requirements  of  such  a  briefing  are  as 
follows: 

a.  All  persons  whose  duties  require  them  to  have  access 
to  classified  information  must  understand  the  purpose  and 
principles  of  the  information  security  program  and  their 
personal  responsibility  for  protecting  all  classified 
information  they  know  or  possess. 

b.  All  persons  whose  duties  include  responsibility  for 
initiating,  classifying,  declassifying,  using,  or  handling 
classified  material,  or  initiating  plans,  programs,  project,  or 


009.  Identify  information  of  intelligence  value. 

Information  of  Intelligence  Value.  Information  of 
intelligence  value  includes  both  classified  and  unclassified 
information.  Classified  information  is  official  information 
that  must  be  protected  from  disclosure  in  the  interest  of 
National  Defense.  Unclassified  information  is  official 
information  that  mi.y  be  harmless  when  considered  bit  by 
bit,  but  can  be  of  intelligence  value  when  compiled. 

Classified  information.  Within  the  Federal  Government 
there  is  some  official  information  and  material  which, 
because  it  bears  directly  on  the  effectiveness  of  our  foreign 
relations,  must  be  subject  lo  some  constraints  for  the 
security  of  our  Nation  and  the  safety  of  our  people  and  our 
allies.  To  protect  against  both  overt  (obvious)  and  covert 
(hidden)  actions  hostile  to  the  United  States,  it  is  thus 
essential  that  such  official  information  and  material  be 
given  only  limited  dissemination.  Official  information  or 
material  that  requires  protection   against  unauthorized 
disclosure  in  the  interest  of  national  security  is  classified  in 
one  of  three  categories;  namely.  Top  Secret,  Secret, or 
Confidential.  You'll  learn  more  about  these  categories 
shortly.  This  classification  depends  upon  the  degree  of  its 
significance  to  national  security.  No  other  categories  arc 
used  to  identify  official  information  or  material  that 
-  quires  protection  in  the  interest  of  national  security. 
except  as  otherwise  specifically  provided  by  Federal 
statutes. 

Unclassified  information.  Unclassified  information  is 
official  information  which  may  be  harmless  when 
considered  bit  by  bit,  but  can  be  of  intelligence  value  when 
compiled.  Unclassified  information  of  intelligence  value 
includes  information  that  is  in  direct  support  of,  or  is 
otherwise  directly  associated  with,  classified  information 
and  which  contributes  to  knowledge  of  the  classified 
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aspects  of  information.  This  category  also  includes 
unclassified  information  which,  when  associated  with  other 
unclassified  information,  reveals  an  insight  into,  or  aspects 
of,  classified  information. 

There  is  some  information  that  will  not  fit  into  any  of  the 
categories  of  classified  information  but  for  one  reason  or 
another  should  be  withheld  from  general  public  disclosure. 
This  type  of  information  is  designated  as  'Tor  Official  Use 
Only.''  Some  example:,  of  For  Official  Use  Only  material 
are: 

a.  Reports  of  proceedings  to  select  personnel  for 
assignments,  school,  promotion,  retention,  and  similar 
purposes. 

b.  Lists  '^^ntifying  firms  or  individuals  suspected  under 
procuremc  .  regulations  when  the  lists  are  compiled  in 
connection  with  investigation  of  irregularities. 

c.  Inspector  general  reports,  auditor  general  reports,  or 
other  reports  of  inspections,  investigations,  or  surveys  that 
pertain  to  safety  or  the  internal  management, 
administration,  and  operation  of  the  Air  Force,  unless  they 
reflect  on  classified  programs. 

Exercises  (009): 

1 .  If  one  of  the  following  statements  is  correct,  write  true 
in  the  space  provided  and  correct  the  false  statements. 

 a.  Information     of    intelligence     value  includes 

classified  and  unclassified  official  information. 

 b.  One  purpose  for  classifying  information  is  its 

probable  impact  on  the  international  relations  of  the 
United  States. 

 c.  Official  information  which  needs  protection  in  the 

interest    of   our   Nation's   defense    is  usually 
unclassified. 

 d.  Unclassified  information  is  official  information 

such  as  the  base  telephone  directory. 
 e.  Information  or  material  which  does  not  meet  the 

need  for  security  classification  but  is  not  intended 

for  general  release  is  considered  Secret. 
 f.  According  to  the  material  in  this  text,  generally  all 

forms  of  official  information  can  be  of  intelligence 

value. 


010.  Define  the  security  classification  categories  and 
identify  them  with  examples  of  types  of  information. 

Classification  Categories.  As  stated  previously,  in 
protecting  our  national  security,  three  classification 
categories  are  authorized;  Top  Secret,  Secret,  and 
Confidential.  They  are  used  in  the  following  manner. 

Top  Secret.  This  classification  applies  to  national 
security  information  or  material  which  requires  the  highest 
degree  of  protection.  The  unauthorized  disclosure  of  Top 
Secret  information  could  reasonably  be  expected  to  cause 
exceptionally  grave  damage  to  the  national  security.  A  few 
examples  of  possible  consequences  that  could  result  if  Top 
Secret  material  were  disclosed  to  unauthorized  persons  are 


(a)  a  definite  break  in  diplomatic  relations  affecting  the 
defense  of  the  United  States,  (b)  an  armed  attack  against  the 
United  States  or  its  allies,  (c)  a  war,  or  (d)  the  compromise 
of  military  or  defense  plans,  intelligence  operations,  or 
scientific  or  technological  developments  vital  to  the 
national  defense.  Examples  of  types  of  information 
originally  .  ^signed  to  the  Top  Secret  Category  by  Air  Force 
personnel  are  listed  below. 

a.  Strategic  Plans  documenting  the  overall  conduct  of  a 
war. 

b.  War  planning  documents  with  time  phasings,  specific 
dates,  or  D-dates,  that  contain  worldwide  planning  data  and 

assumptions. 

c.  An  operations  plan,  either  for  a  single  operation  or  a 
series  of  conducted  operations,  containing  any  of  the  factors 
above,  and  with  sortie  rates  or  target  data. 

d.  Documents  containing  any  of  the  consideiations 
above  directly  related  to  a  Top  Secret  war  planning 
document  which,  if  by  itself  were  revealed  to  unauthorized 
parties,  could  result  in  actual  compromise  of  a  particular 
Top  Secret  plan. 

e.  Intelligence  documents  that  contain  completed 
intelligence  of  such  scope  that  reveals  a  major 
intelligence  producing  effort  on  the  part  of  the  United 
States. 

/.  Plans  or  policies  for  conducting  intelligence  or  other 
special  operations. 

g.  Critical  information  concerning  radically  new  and 
extremely  important  equipment;  for  instance,  nuclear 
weapons,  atomic  weapons  stockpile  data,  and  any  other 
munitions  of  equal  importance  and  vital  in  every  aspect  to 
the  national  defense.  Even  at  first  glance  you  can  easily 
understand  why  documents  concerning  the  foregoing  topics 
must  be  given  the  greatest  protection. 

h.  Communications  security  devices  and  cryptomaterial 
that  would  permit  decoding  of  a  Top  Secret  transmission,  or 
that  would  permit,  through  cryptanalysis,  the  solution  of  a 
cryptosystem  used  to  transmit  Top  Secret  information. 

Secret.  This  classification  applies  to  that  national 
security  information  or  material  that  requires  a  substantial 
degree  of  protection.  The  unauthorized  disclosure  of  Secret 
items  could  reasonably  be  expected  to  cause  serious 
damage  to  the  national  security.  Improper  disclosure  of 
Secret  information  could  jeopardize  the  international 
relations  of  the  United  States,  endanger  the  effectiveness  of 
a  national  defense  policy,  compromise  important  military 
defense  plans,  including  scientific  or  technological 
developments,  or  reveal  important  intelligence  operations. 
The  difference  in  Secret  and  Top  Secret  is  entirely  a  matter 
of  degree,  as  illustrated  by  the  following  examples  of  Secret 
information: 

a.  Defense  or  other  military  plans,  not  included  under 
Top  Secret,  including  certain  development  and 
procurement  plans  and  programs,  but  not  necessarily 
including  all  emergency  plans. 

b.  Specific  information  which,  standing  alone,  reveals 
the  military  capabilities  or  state  of  preparedness  of  the  Air 
Force,  but  not  including  information  which  if  disclosed  to 
unauthorized  parties  could  result  in  compromise  of  a  Top 
Secret  plan. 


14 


ConndentiaL  This  chissiHcation  applies  to  national 
security  information  or  material  thai  requires  protection. 
The  unauthorized  disclosure  of  Confidential  materials  ccnild 
reasonably  be  expected  to  cause  identifiable  (humi^c  to  the 
national  security.  The  difference  in  Secret  and  Confidential 
is  also  a  matter  of  degree.  The  following  examples  illustrate 
this  point. 

a.  Defense  or  other  military  plans  of  lesser  importance 
than  Secret. 

b.  Specific  information  that  reveals  security  plans  or 
programs,  but  not  including  those  that  could  result  in 
compromise  of  higher  classified  plans. 

Exercises  (010): 

1 .   Define  Top  Secret  information. 


2.  Define  Secret  infonuation. 


3.  Define  Confidential  intormation. 


4.  Match  the  column  A  examples  with  the  most 
appropriate  security  category  in  column  B  by  writing 
the  column  B  alpha  in  the  space  provided.  Column  B 
items  may  be  used  once  or  more  than  once. 


Column  B 

a.  Top  Secret, 

b.  Secret. 

c.  Confidential. 


Column  A 

.  (1)  Infonnation  that  reveals  the 
state  of  readiness  of  the  Air 
Force. 

.  (2)  Information  that  reveals  minor 
military  plans. 

_  (3)  A  plan  for  conducting  intelli- 
gence operations. 

_  (4)  Information  concerning  nu- 
clear weapons. 

_  (5)  Information  that  reveals  the 
capabilities  of  the  Air  Force. 


on.  Given  hypothetical  situations,  determine  if  the 
security  precautions  adhere  to  accepted  guidelines  for 
COMSEC. 

Precautions.  A  very  important  part  oi  our  security 
program  is  COMSEC.  It  is  designed  to  deny  to 
unauthorized  persons  information  of  intelligence  value 
which  could  be  obtained  by  the  possession  and  study  of 
USAF  telecommunications.  Telecommunications  are  any 
transmission,  emission,  or  reception  of  signs,  signals, 
writing,  images,  sounds,  or  information  of  any  nature  by 
wire,  radio,  visual,  or  other  electromagnetic  system. 
Telecommunications  are  also  sometimes  referred  to  as 
'^electrical  communications,"  or  more  simply 
*  'communications. 


Need.  Why  do         need  COMShC    The  aaswvr  is 
.simple:  to  prevent  unauthorized  persons  iVom  uueicepting 
our  eommunicaticMis,  studying:  thcni.  and  extracting  any 
intormation  of  intelligcnee  value.   It  is  suspected  that 
practically  every  major  nation  in  the  world  today  is  making 
an  en'ort'  to  collect   inlelligencc   trom   the  unclassified 
communications  of  the  nations  they  oppose  polilically, 
cconon\ically,  and  militarily.    Ihcy  probably  make  this 
effort    because    unclassified    communications,    as  we 
illustrate    shortly,    when    collected    and    analyzed  for 
intelligence   content,   can   reveal  details  concerning  an 
opponent's   activities.    For  instance,   operations,  plans, 
programs,  strengths,   weaknesses,   numbers,  equipment, 
deployments,    capabilities,    intentions,    and   just  about 
everything  else  can  be  obtained  through  communications 
monitoring. 

Problem.  The  major  problem  facing  the  USAF  today, 
with  respect  to  communications  security,  is  the  fact  that 
thousands  of  Air  Force  people  must  use  unprotected 
communications  systems  to  do  their  jobs.  Vei^  often,  our 
jobs  require  involvement  with  classified  activities  or 
support  of  classified  activities,  Hxperience  has  ,shown  that  a 
study  of  numerous  unclassified  eommunications  contacts, 
such  as  telephone  calls  about  classified  projects,  can  reveal 
certain  details  about  those  projects.  Some  examples  follow. 

Communication  #7.  The  NCOIC  of  a  fighter  group 
oper^nions  office  in  the  United  States  makes  a  telephone 
eall  to  a  distant  supply  activity.  He  or  she  inquiries  about 
the  procedures  for  obtaining  100  copies  of  the  air  navigation 
maps  for  an  area  in  the  Middle  Fast.  The  supply  activity 
tells  him  or  her  to  submit  a  fomi  and  that  he  or  she  will 
receive  the  maps  within  3  weeks.  The  NCOIC  says,  '^That 
will  be  fine,'*  and  hangs  up. 

Communication  #2.  An  ainnan  assigned  to  the  engine 
maintenance  activity  of  the  i;ame  fighter  group  makes  a 
telephone  call  the  next  day  to  a  friend  at  a  distant  Air  Force 
base.  He  or  she  tells  him  or  her  that  he  or  she  will  be  unable 
to  take  leave  as  originally  planned,  because  all  leaves  have 
been  canceled.  The  or  she  reason,  he  says,  is  that  the 
workload  is  too  heavy  and  will  be  for  some  time  to  come. 

Communication  #3.  A  medical  officer  assigned  to  the 
same  fighter  group  calls  a  fellow  doctor  at  Wilford  Hall 
Medical  Center  in  San  Antonio,  Texas.  After  mentioning 
that  she  recalls  that  her  friend  had,  years  ago,  been 
stationed  at  Dhahran  Air  Base,  Saudi  Arabia,  she  asks  him 
about  certain  diseases  which  are  common  to  that  area  and 
for  a  list  of  reference  books  on  these  diseases.  Her  friend  is 
surprised  at  her  interest  in  these  things,  and  asks.  ''How 
come?"  The  medical  officer  replies  that  she  might  be  able 
to  use  the  infonnation  sometime. 

Communication  #4.  A  security  policeman  assigned  to 
the  fighter  wing,  using  his  base  telephone,  calls  another 
security  policeman  during  the  night.  During  the 
conversation,  the  first  security  policen^.ai  remarks  that  it  is 
very  dull  and  quiet  ''around  here.  '  The  other  security 
policeman  states  that  ^Mt>  about  a  month  you  wonH  be 
making  that  cor-^  ^^a—  you  could  find  things  quite 
exciting. 

Communicaiion  #5.  A  staff  officer  of  the  fighter  wmg 
makes  a  radio  telephone  call  to  Japan  to  contact  the  Wing 
Operations  officer.  (This  call,  made  from  his  desk,  is 
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connected  to  radio  equipment  on  his  base  that  beams  the 
call,  via  high-frequency  radio  energy,  to  a  base  in  Japan.  At 
that  point,  another  connection  to  normal  telephone  circuitry 
completes  the  radio  telephone  connection.)  The  staff  officer 
has  considerable  difficulty  fmding  Colonel  Smith.  In  the 
process  of  reaching  him,  he  has  to  explain  that  Colonel 
Smith  is  the  82nd  Fighter  Wing  operations  officer,  currently 
TDY  to  the  Pacific,  and  is  visiting  Colonel  Jones,  the 
Director  of  Intelligence,  When  he  finally  reaches  Colonel 
Smith,  he  tells  him  that  the  Wing  Commander  wants  him  to 
cut  his  TDY  short  and  to  get  back  home  quickly.  When 
Colonel  Smith  asks  why,  the  staff  officer  says  ''Something 
big  has  come  up,  we  are  plenty  busy,  and  i  can^t  say  much 
more  than  that  you  are  needed  and  quickly. 

a.  Each  of  the  fictitious  communications  above  is 
unclassified.  No  one  violated  security.  In  each  example,  the 
people  communicating  had  no  idea  that  the  other 
conversations  had  taken  place.  And  yet,  we  can  see  from 
examining  all  of  the  conversations  together  that  each  call 
contains  bits  and  pieces  of  story—  a  storv  that  to  enemy 
intelligence  analysts  would  probably  be  reported  to  their 
superiors  along  the  following  lines: 

FROM  COMMUNICATIONS  INTELLIGENCE  INTERCEPT  OF 
THE  82ND  RGHTER  WING  TELEPHONE  AND  POINT-TO- 
POINT  COMMUNICATIONS,  IT  APPEARS  PROBABLE 
THAT  THIS  WING  HAS  BEEN  ALERTED  FOR 
DEPLOYMENT  TO  THE  MIDDLE  EAST  AREA  WITHIN  THE 
NEXT  30  TO  45  DAYS.  INTERCEPT  ACTIVITIES 
CONTINUING,  FURTHER  DETAILS  WILL  BE  REPORTED  4S 
DEVELOPED. 

b.  Far  fetched?  Not  at  all.  Air  Force  security  service 
communications  security  surveillance  teams,  who  monitor 
USAF  communications  facilities  from  time  to  time,  have 
proven  conclusively  that  it  is  possible  to  develop  such 
information  if  you  are  able  to  get  access  to  these 
communications. 

c.  Access  to  our  communications  is  a  simple  matter  if 
one  has  the  proper  equipment.  Telephone  calls,  for 
example,  can  be  tapped  in  so  many  ways  that  the  people 
using  the  telephone  cannot  detect  the  presence  of  a  tap.  The 
conversations  can  be  recorded  and  studied  later  by  an 
intelligence  analyst. 

rf.  Automatic  voice  network  (AUTO VON)  calls  are  even 
easier  to  intercept,  because  these  long  distance  calls  are 
usually  transmitted  by  radio  beams  between  towers  about 
25  miles  apart.  Anyone  with  the  proper  receiver  can 
intercept  them.  Radio  communications  are  even  simpler  to 
intercept.  The  intercepters  need  only  the  right  receiver,  and 
to  be  in  a  location  where  they  can  receive  the  radio  signal. 


Exercises  (Oil): 

1.  Homestead  AFB  is  the  headquarters  for  a  Top  Secret 
unit  deployment.  The  classified  code  word  for  the 
project  is  SKYWAY,  The  unclassified  code  word  is 
Blue  Knight.  In  each  of  the  situations  below, 
determine  if  proper  COMSEC  measures  have  been 
used.  If  incorrect  procedures  were  used,  state  what  the 
correct  procedures  are. 


</.  Sgt  Jones.  NC\)IC  ol  the  cicploymenl,  picks  up 
his  olTicc  phone  and  calls  Hickman  AFB  by 
AU  iOVON,  Sgi  Jones  asks  Sgt  Smith,  in  Hawaii,  if 
the  rosters  for  Blue  Knight  are  ready  and  when  they 
will  be  sent  to  him.  S^t  Smith  is  not  familiar  with  Blue 
Knight,  so  Set  Jones  tells  her  it  concerns  having  a 
bunch  of  people  ready  to  move  very  soon. 


h.  Major  Johnson.  project  officer  for  the 
deployment  at  Honicstoad  AFB,  sends  an  cncr>'pted 
classified  message  to  all  bases  involved  in  project 
SKYWAY,  requesting  that  each  base  alert  100  men 
and  women  for  deployment  to  an  unknown  location 
within  6  hours. 


Sgt  Brown  is  in  a  huny  to  get  some  information 
concerning  SK^  WAY.  He  calls  Randolph  AFB  and 
asks  that  the  information  listed  in  Major  Johnson's 
request  of  2  days  ago.  be  sent  to  him  by  encrypted 
message  within  1  hour. 


d  Sgt  /\dams  sends  a  routine  message  to  all  bases 
involved  in  SKYWAY  which  reads  in  part:  all  Blue 
Knight  actions  are  delayed  1  day.  i.e.,  exactly  24 
hours. 


012.  Name  the  common  violations  that  may  occur  while 
using  the  telephone. 

Telephone  Off  the  Hook.  Do  not  discuss  classified  or 
unclassified  information  of  intelligence  value,  or  permit  it 
to  be  discussed  in  the  vicinity  of  a  telephone  which  is  **off 
the  hook."  Conversations  near  an  in-use  telephone  can  be 
picked  up  and  transmitted  about  as  readily  as  the 
conversation  of  the  person  talking  into  the  telephone. 

Unplanned  Conversations.  The  greatest  problem  of  the 
telephone  system  is  the  people  who  use  it.  For  example, 
during  a  telephone  conversation,  have  you  ever  said,  **Ohi 
by  the  way?"  These  words  usually  precede  a  bit  of 
information  you  did  not  intend  to  discuss  when  you  first 
picked  up  he  telephone.  This  practice  of  not  planning 
telephone  conversations  frequently  leads  from  discussing 
unclassified  mformation  of  no  intelligence  value  to 
discussing  information  of  intelligence  value,  and.  at  times 
even  further. 

Attempting  To  Disguise  Information.  Some  people 
who  try  to  fool  anyone  who  might  be  listening  in  on  a 
telephone  conversation  may  do  so  by  attempting  to  disguise 
or  conceal  the  meaning  of  what  they  are  saying.  Some  of 
these  attempts  are  cleverly  developed;  some  are  very  crude; 
none  are  successful.  This  practice  is  commonly  known  as 
talking  around.  There  are  two  methods  of  talking  around 
commonly  used.  These  are  paraphrasing  and  comparing 
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with  similar  subjects.  An  example  of  paraphrasing  is  '^1 
cannot  tell  you  who  tne  VIP  is»  but  he  is  the  Vice 
President's  boss.'*  Even  though  it  may  sound  like  a  riddle» 
it  is  a  bit  of  paraphrasing  that  was  used  in  an  actual 
conversation.  In  this  example,  the  wording  was  changed 
without  changing  the  meaning.  Who  is  the  Vice  President's 
boss?  He  is,  of  course,  the  President.  You  can  see  that 
paraphrasing  is  changing  the  wording  without  changing  the 
meaning  of  a  subject.  An  example  of  comparing  with 
similar  subjects  is:  ''Next  year  we  are  going  to  be  flying  the 
same  model  that  you  have  at  Lackland  AFB."  You  may 
think  that  this  statement  is  paraphrasing;  however,  notice 
the  added  attempt  at  deception:  comparing  with  similar 
subjects.  If  you  know  what  type  of  aircraft  they  have  at  any 
air  base,  the  information  is  not  successfully  concealed  or 
disguised. 

Homemade  Codes  or  Ciphers.  Another  disguise  that 
many  people  make  in  an  attempt  to  conceal  the  meaning  of 
information  of  intelligence  value  is  their  own  code.  These 
homemade  codes  or  reference  systems  are  never  effective 
and  should  never  be  nsed  in  place  of  authorized  codes, 
ciphers,  or  secure  communications  systems.  It  is  easy  for  an 
experienced  cryptanalyst  to  decipher  any  homemade  code 
system. 

Remember,  the  ''third  man"  is  listening.  He  represents 
an  enemy  engaged  in  obtaining  intelligence  information 
from  US  AF  electrical  communications. 

Exercises  (012): 

1.  What  are  the  most  predominant  security  violations 
associated  with  the  use  of  the  telephone? 


2.  What  form  of  security  error  is  committed  by  the 
telephone  user  who  offhandedly  interjects  additional 
thoughts  about  a  classified  project  into  the  telephone 
conversation? 


3.  In  what  manner  do  people  try  to  talk  around  classified 
information? 


1-4.  Operations  Security  (OPEC) 

From  the  previous  text,  you  already  know  that  classified 
information  must  be  safeguarded  by  every  means  available. 
Also,  you  learned  specific  facts  concerning  the  security  of 
communications  systems  used  by  the  Air  Force. 
Undoubtedly  you  can  recall  the  series  of  unclassified 
conversations  that  were  used  as  an  illustration.  But  uicse 
programs  do  not  fully  satisfy  our  needs  for  protecting  US  AF 
information. 

All  information  about  an  Air  Force  operation  also  needs 
protection  because  such  information  is  valuable  to  our 
enemies.  This  protection  is  provided  under  the  Air  Force 


EKLC 


OPSEC  program.  OPSEC  is  an  overall  security  program 
relating  to  mission  accomplishment.  It  is  concerned  with 
the  information,  actions,  and  activities  that  are  sensitive  in 
the  sense  that  they  can  telepgraph  our  punch  to  the  enemy — 
they  can  give  advance  warning. 

In  this  section,  we  discuss  the  Air  Force  OPSEC 
program.  It  is  applicable  to  all  peacetime  and  wartime 
missions  whether  operational  or  supporting.  Every  Air 
Force  member  has  a  responsibility  to  maintain  operational 
effectiveness  at  the  highest  possible  level.  This 
responsibility  includes  an  obligation  to  apply  OPSEC 
principles  and  procedures  in  promoting  overall  security 
without  detracting  from  operational  effectiveness.  You 
need  to  know  this  information  to  fulfill  your  OPSEC 
responsibilities. 

013.  Briefly  define  the  historical  aspect  of  operations 
security  and  state  the  purpose  of  the  OPSEC  program. 

OPSEC  History.  The  success  or  failure  of  most  major 
combat  operations  depends  upon  the  element  of  surprise. 
Before  an  operation  can  be  started,  people  must  be 
assembled,  equipment  and  transportation  massed,  and 
numerous  other  activities  completed.   However,  when 
preparing  for  an  operation,  we  uc^ally  show  definite 
patterns  of  behavior  or  action.  These  patterns  can  become 
warning  signs  to  enemy  intelligence  collectors.  They  can 
show  that  an  operation  is  underway  or  being  planned. 
Attempts  to  gain  information  about  planned  operations  is 
not  new;  it  is  an  age-old  practice.  The  activities  of  opposing 
forces  are  constantly  monitored  to  obtain  signs  of  planned 
operations.  This  is  done  because  such  forewarning  may 
provide  time  to  take  countermeasures  that  reduce  or 
eliminate  any  advantage  that  may  have  been  created  by 
surprise.   In  view  of  this,  it  is  easy  to  see  the  need  for 
assuring  that  sensitive   information  about,  our  combat 
operations  is  controlled. 

On  the  other  hand,  the  need  for  controlling  sensitive 
information  is  not  as  obvious  if  the  information  does  not 
seem  to  be  related  to  a  combat  operation.  Consequently, 
several  Air  Force  studies  were  made  to  find  out  how 
sensitive   information   was  being  compiled  by  enemy 
intelligence  sections.    For  the  most  part,  these  studies 
revealed  that  sensitive  information  about  combat  operations 
could  be  obtained,  without  anyone  violating  any  security 
rules,  by  using  nothing  other  than  common  sense.  For 
example,    in   Viet   Nam,   Security   Police   flight  duty 
schedules  and  rosters  v/ere  being  posted  in  locations  where 
foreign  nationals  could  screen  them.  This  was  being  done  as 
much  as  24  hours  prior  to  the  scheduled  worktime. 
Moreover,  these  studies  showed  that  just  before  a  major  air 
strike  against  Viet  Cong  targets,  we  increased  our  security 
readiness  postures  and  exercised  more  strict  base  entry 
procedures  for  foreign  nationals. 

How  many  security  rules  did  this  violate?  NONE.  Could 
these  actions  provide  a  trained  enemy  espionage  agent  with 
enough  sensitive  information  to  piece  together  a  picture? 
By  themselves,  maybe  not.  But  when  combined  with 
overheard  comments  like  ''We  must  be  getting  ready  to  hit 
Hanoi;  they  loaded  500  pounders  (bombs)  on  every  plane 
this  afternoon,"  the  picture  begins  to  come  into  focus. 
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Under  these  conditions,  the  need  for  an  Air  Force-wide 
program  to  control  and  protect  sensitive  information 
became  more  and  more  visible.  As  a  result,  the  OPSEC 
program  came  into  being. 

Purpose.  OPSEC  is  concerned  vvitii  keeping  the  tactical 
and  strategic  surprise  on  our  side,  by  protecting  information 
and  activities;  affecting  this  principle.  We  must  protect 
knowledge  of  our  plans,  resources,  and  limitations.  The 
proper  protection  of  classified  information  and  material  is 
part  of  OPSEC;  so  is  ihc  protection  of  seemingly  trivial  or 
insignificant  unclassified  information  and  actions  which  are 
related.  In  other  words,  we  must  protect  information  or 
actions  that  are  sensitive.  A  simplified  statement  about  tlie 
purpose  of  OPSEC  is  **to  keep  the  advantage  on  our  side." 
The  successful  completion  of  our  mission  and  the  use  of 
OPSEC  is  greatly  dependent  upon  each  individual's 
recognizing  what  information  and  actions  need  protection. 
However,  there  is  a  point  of  diminishing  returns  in  applying 
OPSEC.  This  point  is  reached  when  our  overall  security 
measures  detract  form  operational  effectiveness.  There 
must  be  a  balance  between  security  mission 
accomplishment. 

Exercises  (013): 

1.  How  has  history  shown  the  need  for  an  OPSEC 
program? 


are  numerous  items  of  sensitive  information.  Examples  of 
the  types  of  information  that  need  protection  are: 

•  Objectives  of  the  operation. 

•  Operation  times  and  locations. 

•  Friendly  and  enemy  forces  involved. 

•  Known  or  suspected  limitations. 

•  Methods  of  employment. 

^  Results  of  the  operation. 

•  Sources  of  intelligence  data. 

•  Methods  of  data  collecting. 

Exercises  (014): 
1 .  What  are  the  objectives  of  the  OPSEC  program? 


2.  What  are  the  sources  of  information  sought  by  the 
enemy? 


3.  What  types  of  information  does  the  enemy  use  to  gain 
advance  warning? 


2.  What  is  the  purpose  of  OPSEC? 


014.  List  the  objectives  of  the  OPSEC  program  and  state 
the  sources  and  types  of  information  that  couid  forewarn 
an  enemy. 

OPSEC  Objectives.  The  OPSEC  program  is  conducted 
on  a  full-time  basis,  as  are  Air  Force  programs  for 
mtormation  and  COMSEC.  OPSEC  is  also  similar  to  these 
programs  in  key  elements,  st  h  as  individual  responsibility 
and  need-to-know.  Specifically,  our  OPSEC  program  has 
four  major  objectives: 

(1)  Identify  those  portions  of  an  operation  that  require 
protection. 

(2)  Develop  OPSEC  procedures  and  techniques. 

(3)  Systematically  assess  OPSEC  status  at  all  operational 
levels. 

(4)  Document  deficiencies  and  institute  coirective 
actions. 

Sources  and  Types  of  Information.  There  are  many 
sources  or  possible  sources  of  information  that  give  the 
enemy  advance  warning.  Generally,  these  can  be  placed  in 
one  of  three  categories  that  are  common  to  any  military 
activity:  operations,  procedural,  and  communications. 
Figure  1-6  presents  typical  intelligence  indicators  under 
each  of  these  categories.  Within  each  of  the  categories  there 


015.  Given  hypothetical  situations,  determine,  through 
lessons  learned,  if  OPSEC  objectives  and  purposes  have 
been  met. 

Lessons  Learned.  The  main  objective  of  OPSEC  is  to 
provide  protection  for  our  operations  during  the  planning, 
execution,  and  after  action  phases.  Any  actions  that  could 
affect  the  successful  completion  of  an  operation,  or  the 
protection  of  the  mission,  fall  under  OPSEC.  One  of  the 
most  important  lessons  we  have  learned  about  ourselves  is 
the  ease  with  which  an  enemy  can  obtain  advance 
knowledge  of  our  operations.  We  also  learned  that  closely 
related  to  this  was  the  apparent  lack  of  importance  attached 
to  comments  such  as  we  used  earlier  in  this  section.  Air 
Force  studies  of  this  area  also  showed  that  changes  to  our 
normal  routines  contributed  to  security  weaknesses. 
Finally,  and  perhaps  most  startling,  was  the  fact  that  the  Air 
Force  concern  for  its  people  was  a  major  factor  in  creating 
security  weaknesses.  This  was  the  result  of  getting  the  word 
out  to  everyone  concerned,  thus  creating  such  a  grapevine 
that  in  some  instances  the  women  and  children  on  a  base 
had  almost  as  much  knowledge  about  the  what,  when, 
where,  why,  and  how  of  an  operation  as  the  man  in  charge 
had. 

On  that  account,  we  now  know  that  you,  the  individual  at 
the  working  level,  should  be  aware  of  the  intelligence 
impact  your  information  and  activity  has  in  relation  to  the 
overall  security  of  an  operation.  Therefore,  to  do  our  job 
under  OPSEC,  we  must 

•  Change  only  those  procedures  or  actions  that  need  to 
be  changed. 

•  Learn  to  work  with  those  procedures  that  are  needed 
and  cannot  be  changed. 
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OPERATIONS 

*  Stereotyped  sequences  of  events  comprising  various  phases  of  the 
operations • 

*  Coordination  with  other  agencies  that  do  not  have  proper  safeguards 
for  classification/ sensitive  information. 

*  Stereotyped  patterns  of  flight  activity  (ingress  and  egress)   at  a 
particular  location  and  time. 

*  Submission  of  unclassified  reports  at  specific  intervals  to  specific 
units  or  levels  of  command, 

PROCEPCRAL 

*  Public  Information  releases. 

The  posting  or  transmission  of  operations  orders,   flight  plans,  air 
traffic  control  clearances,  etc.,   in  unsecure  areas. 

*  The  pc     ing  in  unsecure  areas  of  duty  rosters,  transportation  sche- 
dules, dini.ig  hall   schedules,  etc.,  which  change  as  a  result  of  an 
operation  order. 

*  Distinctive  emblems  or  painting  on  vehicles,  buildings,  or  aircraft. 

*  Markings  on  supplies  which  could  reveal  the  location  or  starting  date 
of  the  operations;   that  is,  nicknames,  delivery  deadlines,  etc. 

*  Logistic  buildup  or  positioning  of  support  materials  and  facilities. 

*  Specific  briefings,  meetings,  or  religious  services. 

*  The  use  of  nicknames  is  a  particular  hazard  since  a  nickname  provides 
an  easily  recognizable  "flag"   for  numerous  actions  associated  with  a 
particular  operation. 

*  Exercising  th^  plan  or  testing  portions  of  the  plan. 

COMMUNICATIONS 

*  Plain  language  communications  associated  with  a  planned  operation  and 
conducted  during  the  planning,  preparatory,  and  execution  phases. 

*  Use  of  unchanging  or  infrequently  changing  call  signs  or  radio  frequen 
cies  • 

*  Stereotyped  message  characteristics   (voice  or  teletype)  which  are  indi 
cative  of  particular  types  of  military  activity. 

*  Significant  increase  or  decrease  in  message  traffic  volun^e. 

*  Activities  of  new  communications  facilities  in  support  of  an  OPLAN. 

B9C-II? 

Figure  1-6,  Intelligence  indicators. 
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The  need  for  OPSEC  is  quite  easy  to  see  in  combat 
operations.  However,  what  of  peacetime  operation  and 
projects?  To  answer  a  question  with  a  question,  **Why 
make  the  opportunity  available?"  For  instance,  recall,  if 
you  will,  the  types  of  operational  information  that  should  be 
protected.  Generally  subjects,  such  as  objective,  time  and 
location,  forces,  limitations,  methods  of  employment,  and 
data  collection,  results,  and  intelligence  sources  should 
come  to  mind.  The  key  point  to  communicating  these 
subjects  is  don*t,  unless  the  person  you  are  talking  to  has  a 
need-to-know  and  a  secure  method  of  communication  is 
used.  This  applies  equally  to  combat  operations  and  our 
peacetime  operations. 

Exercises  (015): 

1 .  In  each  of  the  following  hypothetical  situations  you  are 
stationed  at  a  Northern  U.S.  strategic  missile  base. 
You  arc  assigned  the  job  of  determining  if  the  base 
OPSEC  purposes  and  objectives  are  being  met.  Your 
survey  results  in  rhe  following  information;  now  you 
must  decide  by  writing  Yes  or  No  in  the  space 
provided,  whether  the  OPSEC  purposes  and  objectives 
were  met  in  each  situation. 


.  a. 


The  wife  of  the  wing  commander  appears  on  the 
local  TV  talk  show  and  discusses  the  importance 
and  benefits  of  Air  Force  and  local  community 
relations. 

b.  Sitting  at  the  base  cafeteria,  you  overtiear  two 
enlisted  missile  crewmembcrs  talk  about  a  problem 
they  had  repairing  a  malfunctioning  launch  hoist  at 
Juliet  site. 

c.  On  sick  call,  you  overtiear  several  dependent  wives 
discussing  the  distances  from  their  homes  to  Fox, 
George,  and  Romeo  sites. 

d.  Your  base  newspaper  has  a  large  front  page  story  of 
how  missile  launch  crews  from  your  base  won  the 
first  place  award  at  the  last  missile  competition  at 
Vandenburg  AFB,  California. 

e.  At  the  base  library  you  find  a  copy  of  a  recent  IG 
inspection  report  and  some  portions  of  it  are 
mariced"(S).'' 

f.  You  learn  that  base  reproduction  is  printing  TDY 
orders  for  50  missile  crew  personnel  to  attend  a 
school  at  a  classified  location  in  order  to  learn 
about  a  revised  missile  launch  system. 


1-5.  Publications 

Your  job  in  the  Air  Force  is  quite  complex.  You  are  not 
expected  to  keep  in  your  mind  all  of  the  detailed 
information  needed  to  do  your  job.  The  Air  Force  has  a 
system  of  publications  that  will  help  you  find  the 
information  you  need  to  do  your  job.  As  a  supervisor,  you 
must  keep  abreast  with  new  developments  in  all  facets  of 
your  duties. 

Air  Force  publications  are  used  to  aimounce  policies, 
prescribe  procedures,  and  furnish  the  instructions  you  need 


on  your  job.  If  you  need  technical,  administrative,  or 
general  information,  there  is  an  Air  Force  publication  of 
some  type  that  covers  the  situation.  This  section  will  cover 
the  types  and  use  of  the  various  publications, 

016.  Identify  the  three  types  of  Air  Force  publications 
with  a  list  of  selected  publications  included  in  each  type. 

If  you  have  a  thorough  knowledge  of  the  various  types  of 
Air  Force  publications,  the  types  of  information  they 
contain,  how  to  locate  those  you  need,  and  how  to  use 
them,  you  have  a  ready  source  of  information  and  authority 
on  almost  any  subject  that  comes  up. 

Types  of  Air  Force  Publications.  Whether  you  need 
technical  or  general  guidance,  you  can  find  it  easier  if  you 
first  try  to  determine  the  type  of  information  it  is  that  you 
need  and  then  look  for  the  answer  in  that  particular  type  of 
publication.  The  types  of  publications  are  standard, 
specialized,  and  recurring.  Each  type  is  made  up  of 
publications  that  contain  elements  of  information  that  are 
similar  in  content. 

Standard  publications.  Standard  publications  include 
regulations ,  manuals ,  and  pamphlets .  This  type  of 
publication  also  includes  visual  aids,  bulletins,  staff 
digests,  and  supplements  to  some  of  the  standard 
publications. 

Specialized  publications.  These  publications  contain 
specialized  information  not  published  in  any  of  the  standard 
publications.  Included  in  this  type  are  such  publications  as 
stocklists,  technical  orders,  career  d;5velopment  courses 
like  the  one  you  are  reading  at  this  time,  and  various 
training  materials. 

Recurring  publications.  These  publications  are 
nondirective  and  informal.  They  include  such  items  as 
newsletters,  briefs,  magazines,  journals,  and  narrative 
summaries. 

Exercises  (016): 

1.  Match  the  publications  in  column  A  to  the  types  of 
publications  in  column  B  by  placing  the  correct  letter 
in  the  provided  blank. 


Column  A 

.  (1)  Regulations. 

.  <2)  Stocklists. 

.  (3)  Newsletters. 

-  (4)  Manuals. 

.  (5)  Technical  Orders. 

.  (6)  Briefs. 

.  (7)  Pamphlets. 

.  (8)  Training  materials. 

.  (9)  Magazines. 

.(10)  Visual  aids. 

(11)  Journals. 

(12)  Narrative  summaries. 


Column  B 

a.  Standard  publications. 

b.  Specialized  publication. 

c.  Recurring  publication. 


017.  Given  a  list  of  standard  publications  and  a  list  of 
statements  describing  the  type  of  information  contained 
in  the  publications,  associate  the  information  to  the 
correct  publication. 

The  standard  publications  are  used  to  announce  policies, 
assign    responsibili;ies,    prescribe    procedures,  issue 
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instructions,  and  give  general  information.  These 
publications  are  either  directive  or  nondirective.  A  directive 
publication  gives  detailed  information  about  a  specific 
subject.  A  nondirective  publication  contains  general 
infonnation  about  a  subject.  Since  you  will  use  these 
publications,  you  should  know  the  purpose  and  contents  of 
each  of  them. 

Types  of  Standard  Publications.  Regulations,  manuals, 
supplements,  and  operating  instructions  are  directive  in 
nature  and  prescribe  procedural  details  about  how  to 
perform  certain  tasks.  Pamphlets,  visual  aids,  bulletins,  and 
staff  digests  are  nondirective  and  they  are  intended  for 
informational  or  instructional  material.  Bulletins  may, 
hovvever,  include  temporary  directive-type  material  not 
nee^jed  for  future  reference.  Now,  let's  discuss  each  of  the 
standard  publications. 

Hegulations.  Air  Force  regulations  (AFRs)  are  the 
primary  administrative  directives  that  arc  used  for 
governing  Air  Force  activities.  They  set  up  the  standard  of 
management  and  they  control  the  official  business  of  the 
Air  Force.  Regulations  also  announce  policies,  assign 
responsibilities,  direct  actions,  and,  when  necessary, 
prescribe  brief  procedural  details.  The  policies  outlined  in 
regulations  are  usually  permanent  in  nature.  This  means 
that  the  purpose  or  intent  of  the  regulation  will  remain  in 
effect  until  a  major  change  in  mission  or  objective  has  been 
established. 

Manuals.  Air  Force  manuals  (AFMs)  contain  permanent 
and  detailed  instructions,  procedures,  and  techniques 
telling  people  how  to  do  their  jobs.  A  manual  may  be 
general  and  deal  with  principles  or  doctrine.  It  may  be  a 
combination  of  material  related  to  an  entire  function.  It 
m^y  also  be  a  step-by-step  directive  telling  how  to 
accomplish  a  specific  task  or  operation.  The  information  in 
AFMs  may  be  likened  to  the  **How  To  Do  It"  articles 
found  in  various  magazines,  or  to  books  on  how  to  fix 
appliances  and  automobiles. 

pamphlets.  Air  Force  pamphlets  (AFPs)  usually  contain 
informative  rather  than  directive  material.  However,  some 
pamphlets  are  directive  in  nature  such  as  AFP  85-1, 
Electrical  Facilities  Safe  Practices  Handbook.  Pamphlets 
cover  a  wide  range  of  rather  specific  subjects.  For  example, 
if  you  are  being  assigned  overseas,  you  may  receive  a 
booklet  or  brochure  concerning  the  customs,  religions,  and 
history  of  the  country  in  which  you  will  be  stationed.  Other 
examples  include  pamphlets  on  personal  affairs,  voting, 
and  first  aid.  . 

Operating  instructions.  Operating  mstructions  are  smular 
to    regulations    but    apply    only    within    the  issuing 
headquarters  or  staff  element.  Those  issued  withm  a 
headquarters   are   known   as   Headquarters  Operating 
Instructions.  Those  used  within  a  staff  office,  detachrnent, 
missile  site,  or  similar  activity  arc  known  as  Division 
Operating  Instructions  or  Branch  Operating  Instructions. 
Operating  instructions  may  also  announce  policies  and 
prescribe  procedures  within  a  single  manager's  area  of 
authority.  For  example,  the  Operations  and  Maintenance 
Chief  may  issue  Maintenance  Operating  Instructions  to 
personnel  under  that  person's  supervision.  The  content  and 
format  of  such  instructions  arc  at  the  descrction  of  the 
commander  or  supervisor  of  the  unit. 
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Bulletins.  Bulletins  contain  announcements,  notices,  and 
temporary  instructions.  Temporary  directive  material  of  no 
permanent  reference  value  may  also  be  included.  Base 
bulletins  and  the  weekly  publications  bulletin  are  examples. 

Staff  digests.  Staff  digests  contain  summanes  of 
significant  staff  actions,  important  announcements,  and 
special  notices.  They  are  used  primarily  to  keep  the 
commander  and  his  senior  staff  advised  of  current  matters 
that  would  not  come  to  their  attention  through  the  normal 
processes  of  communication,  such  as  staff  meetings.  They 
may  be  issued  daily,  weekly,  or  as  required. 

Visual  aids.  Visual  aids  arc  charts,  posters,  or  graphic 
illustrations  issued  for  dispiay  on  walls  and  bulletin  bcuida. 
There  arc  two  kinds:  permanent  visual  aids  and  temporary 
visual    aids.    Permanent   visual    aids    are    issued  for 
explanatory  or  instructional  purposes.  An  example  of  a 
permanent  visual  aid  is  a  chart  portraying  military  insignia. 
These  aids  arc  numbered  and  indexed  the  same  as  other 
publications.    Temporary   visual   aids    are   issued  for 
promotional  or  motivational  purposes.  A  poster  promoting 
the  annual  campaign  to  sell  US  savings  bonds  is  an 
example.  As  a  rule,  their  display  period  is  limited  to  30 
days,  but  never  more  than  90  days.  These  aids  arc  not 
numbered,  indexed,  or  retained  in  permanent  record  sets. 

Supplements.  A  MAJCOM  may  adapt  an  Air  Force 
publication  to  its  own  needs  by  issuing  a  supplement.  The 
supplement  must  not  change  the  intent  or  purpose  of  toe 
original  publication;  but  it  can  serve  to  amplify,  clarify, 
interprct,  or  implement  the  higher  level  pubhcation. 
Similarly,  a  base  may  issue  a  supplement  either  to  a  b^ic 
Air  Force  publication  or  to  the  basic  publication  of  a 
MAJCOM  (or  of  any  intermediate  organization  below 
USAF  Headquarters).  Each  supplement  issued  becomes  an 
integral  part  of,  and  is  filed  with,  the  basic  publication. 

Exercises  (017): 

1.  Match  the  statements  in  column  A  to  the  publications 
in  column  B  by  placing  the  corrcct  letters  in  the  blank. 
Some  of  the  statements  in  colunm  1  may  apply  to 
several  publications. 


Column  A 

(1)  Directive  in  nature. 

(2)  Nondirective  in  nature. 

(3)  Contain  permanent  and  de- 
tailed instructions  on  how  to 
perform  a  job. 

(4)  Contain  material  on  personal 
affairs,  voting,  and  first  aid. 

(5)  Do  not  change  the  purpose 
or  intent  of  the  original  pub- 
lication. 

(6)  Armouncements,  notices, 
and  temporary  instructions. 

(7)  Apply  only  within  the  issu- 
ing headquarters  or  staff  ele- 
ment. 

(8)  Not  normally  retained  in  per- 
manent record  sets. 

(9)  Contains  summaries  of  sig- 
nificant staff  actions. 

.(10)  Set  up   the   standards  of 
managetnent. 


Column  B 

a.  Regulations. 

b.  Manuals. 

c.  Pamphlets. 

d.  Operating  Instructions. 

e.  Bulletins. 

f.  Staff  digests. 

g.  Visual  aids. 

h.  Supplements. 
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Column  A 

 (11)  May  be  issued  daily,  week- 
ly* or  as  required, 

 (12)  Issued  for  display  on  walls 

and  bulletin  boards. 

 (13)  Contains  information  rather 

than  directive  material. 

 (14)  Used  to  clarify  a  higher  level 

publication. 

 (*.5)  Announce  policies  and  as- 
sign responsibilities. 

 (16)  Can  announce  policies  and 

prescribes  procedures. 

 (17)  May  contain  a  step-by-step 

directive  on  how  lo  accom- 
plish a  task. 

 (18)  Issued  for  promotional  or 

motivational  purposes. 

 (19)  Become  a  part  of  the  basic 

publication. 

 (20)  Control  the  official  business 

of  the  Air  Force, 


018.  Identify  the  correct  technical  orders  (TOs)  from  a 
list  of  statements  describing  the  information  contained 
In  the  TO. 

Now  that  you  know  how  to  use  standard  publications, 
let's  discuss  some  important  specialized  publications — 
TOs.  Technical  orders  provide  specific  technical 
information,  instructions,  and  safety  procedures  pertaining 
to  the  installation,  operation,  maintenance,  and 
modification  of  Air  Force  equipment  and  materials.  Think 
of  all  the  different  makes  and  models  of  equipment  that  the 
Air  Force  buys  and  uses.  This  should  make  you  realize  that 
a  great  many  different  technical  publications  to  cover  this 
equipment  must  be  prepared  and  distributed.  To  help  keep 
track  of  all  this  equipment,  the  Air  Force  has  classified  it 
into  a  number  of  major  groups  and,  then,  has  classified  the 
publications  in  the  TO  system  which  cover  it  into  the 
similar  groups.  Now,  let*s  discuss  the  various  types  of  TOs. 

Types  of  Technical  Orders.  At  the  present  time,  the  TO 
system  contains  six  major  types:  (1)  technical  manuals,  (2) 
time  compliance,  (3)  methods  and  procedures,  (4)  index 
type,  (5)  abbreviated,  and  (6)  automation  TOs.  Refer  to 
figure  1  -7  and  locate  these  TOs  on  the  p  part  of  the  figure . 
Study  the  breakdown  under  each  type  as  we  described  it  in 
the  following  paragraphs. 

Technical  manuals  (TM).  Technical  manuals  are  perhaps 
the  most  important  type  of  TOs  used  by  the  specialist  and 
technician.  They  contain  detailed  information  required  for 
the  operation,  maintenance,  inspection,  installation,  and 
overhaul  of  equipment.  These  manuals  are  grouped  into  a 
number  of  main  categories  that  cover  equipment  such  as 
aircraft,  missiles  and  space  systems,  ground 
communications  and  electronic  equipment,  standard  and 
special  tools,  and  nonaeronautical  engines  and  components, 
just  to  name  a  few.  A  good  example  of  a  TM  type  TO  !±iat 
applies  to  your  job  is  34Y19-1~1,  Use,  Care,  and 
Maintenance  of  Electric  Motors.  Another  example  is  the 
TO  32~1~2,  Use  of  Hand  Tools, 

Time  compliance  technical  orders  (TCTOs),  The  time 
compliance  TO  is  an  authorized  method  of  providing 


instructions  for  various  types  of  maintenance  action.  The 
instructions  may  include  such  actions  as  equipment 
modification,  the  performance  of  some  special  inspections, 
or  a  change  in  operating  procedures.  The  instructions  are 
issued  to  correct  unsafe  conditions  that  could  result  in  a 
fatal  accident  or  severe  injury  to  personnel  or  the 
destruction  of  property.  The  time  involved  for  the  work  to 
be  done  depends  upon  the  degree  of  danger  caused  by  the 
unsafe  condition. 

Time  compliance  TOs,  as  the  name  implies,  must  be 
complied  with  in  a  certain  specified  time.  The  TOs  are 
grouped  according  to  the  importance  and  urgency  of  the 
instructions.  Tiie  degree  of  urgency  is  indicated  by 
specifying  when  the  work  will  be  done.  For  example,  if  an 
unsafe  condition  could  result  in  fatal  or  serious  injury  to 
personnel  or  extensive  damage  to  valuable  property,  the 
corrective  instructions  would  reflect  immediate  action  and 
the  equipment  is  removed  from  use  until  the  condition  is 
corrected.  An  urgent  action  TO  is  issued  if  the  risk  involved 
is  tolerable  only  within  definite  time  limits.  If  the  condition 
is  not  corrected  within  10  days,  the  equipment  is  removed 
from  service.  If  the  defects  or  conditions  are  not  extremely 
serious  at  the  present  time,  but  must  be  corrected  to 
forestall  equipment  failure,  the  instructions  would  reflect 
routine  action. 

Routine  action  TOs  specify  that  the  work  must  be  done 
within  a  certain  number  of  days  or  at  the  next  inspection 
period.  When  the  change  must  be  made  by  a  contractor  or  a 
specific  AF  activity,  a  record-type  TO  is  issued.  When  the 
urgency  of  conditions  does  not  allow  time  for  printing  and 
distribution  of  instructions  in  formal  TO  format,  the 
instructions  are  distributed  by  means  of  interim-type  TOs. 
This  interim  TO  information  is  sent  by  radiogram, 
telegram,  teletype,  or  other  means  of  high  speed 
communication.  This  TO  is  usually  replaced  with  an 
immediate  or  urgent  action  TO  within  10  days. 

Methods  and  procedures  TOs  (MPTOs).  The  MPTOs 
provide  information  and  instructions  on  safe  methods  and 
procedures  relating  to  such  subjects  as  preventive 
maintenance,  periodic  inspections,  and  specific  policies 
and  procedures.  In  this  way,  they  differ  from  technical 
manuals  which  deal  with  specific  items  of  equipment.  The 
MPTOs  are  divided  into  two  classes.  One  class  involves 
policies,  methods,  and  procedures  relating  to  maintenance 
or  administration.  The  other  class  involves  policies, 
methods,  and  procedures  relating  to  equipment  in  general. 

Index  type  TOs.  A  good  publications  system  must  be 
properly  indexed  for  the  use  and  convenience  of  using 
personnel.  Technical  order  indexes  show  the  status  of  all 
TOs,  provide  personnel  with  a  means  of  selecting  needed 
publications,  and,  in  certain  instances,  group  the  TOs 
pertaining  to  specific  items  of  equipment.  Examples  of 
index  type  TOs  are  the  numerical  and  alphabetical  indexes. 
We  are  only  mentioning  indexes  here  as  a  type  of  TO.  We 
shall  discuss  these  publications  in  more  detail  later  in  the 
chapter. 

Abbreviated  TOs.  These  are  TOs  published  on  smaller 
paper  or  cards  with  data  included  that  is  extracted  from 
some  other  document,  usually  another  TO.  This  type  of  TO 
is  primarily  a  work  simplification  device.  Included  in  these 
TOs  are  work  simplification  aids  such  as  checklists, 
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Figure  1-7,  Types  of  icchnical  order 
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inspection  workcards,  lubrication  charts,  and  inspection 
sequence  charts. 

Exercises  (018): 

1.  Match  the  statements  in  column  A  to  the  related 
publications  in  column  B  by  placing  the  correct  letter 
of  the  related  publication  in  the  provided  blank. 


Column  A 

.  (1)  This  publication  is  for 
the  specialist  or  the  tech- 
nician. 

.  (2)  These  TOs  are  issued  to 
resolve  unsafe  condi- 
tions that  could  result  in 
a  fatal  accident. 

.  (3)  These  publications  show 
the  status  of  all  TOs. 

.  (4)  These  TOs  involve  poli- 
cies and  procedures  re- 
lated to  equipment  in 
general. 

.  (5)  This  TO  is  published  on 
small  paper  or  cards . 

.  (6)  This  TO  contains  de- 
tailed information  re- 
quired for  operation  and 
maintenance  of  equip- 
ment. 

.  (7)  The  TOs  that  provide 
general  information  on 
methods  related  to 
maintenance  manage- 
ment. 

.  (8)  This  TO  is  a  work  sim- 
pliftcation  device. 

.  (9)  The  instructions  in  this 
TO  must  be  done  within 
a  specified  time. 

.  (10)  The  information  in  these 
TOs  is  listed  in  numeri- 
cal and  alphabet'':al  ord- 
er. 

.  (11)  This  TO  is  issued  to 
correct  an  unsafe  condi- 
tion. 

.(12)  The  detailed  information 
in  this  TO  is  used  to 
guide  the  operation  and 
maintenance  of  power 
tools. 

.  (13)  This  TO  is  sent  by 
telegram  or  teletype. 

-(14)  These  TOs  are  in  the 
form  of  workcards  and 
charts. 

.(15)  The  information  in  this 
TO  is  of  a  general  na- 
ture. 

.(16)  The  TOs  that  provide 
personnel  with  a  means 
of  selecting  needed  pub- 
lications. 


Column  B 

a.  Technical  manuals. 

b.  Time  compliance  TOs. 

c.  Methods  and  Procedures 
TOs. 

d.  Index  Type  TOs. 

e.  Abbreviated  TOs. 


work  procedure  for  which  a  TO  has  not  been  published.  In 
such  cases,  you  must  know  how  to  find  and  use  commercial 
technical  publications.  Commercial  technical  publications 
may  come  in  any  fonn,  such  as  a  manual,  book,  leaflet,  or 
pamphlet.  They  may  contain  technical  information  on 
assembly,  installation,  operation,  servicing,  overhaul,  and 
parts  identification. 

Some  commercial  publications  are  included  in  the  TO 
system.  When  the  Air  Force  Logistics  Command  (AFLC) 
deems  it  necessary,  a  commercial  publication  is  given  a  TO 
number  and  is  put  into  the  TO  system.  Technical  order 
numbers  are  placed  on  them  and  they  should  be  dated.  In 
some  cases  a  one-sheet  *  identifying"  TO  is  issued  as  a  title 
sheet  to  describe  the  item  and,  when  necessary,  to  supply 
additional  instructions.  These  publications  may  be  filed  in 
the  TO  binders  in  numerical  order  with  the  regular  TOs  or 
they  may  be  filed  in  a  separate  file  in  numerical  order. 
When  in  the  regular  TO  file,  the  identifying  title  sheet  is 
filed  just  in  front  of  the  commerical  publication.  If  kept  in  a 
separate  file,  the  identifying  title  sheet  is  filed  in  the  regular 
TO  file  in  numerical  order  and  a  notation  is  put  on  it  to 
show  where  the  publication  is  filed. 

Commercial  publications  that  have  been  put  into  the  Air 
Force  TO  system  are  listed  in  the  appropriate  numerical 
index  and  requirement  tables. 

There   will   be   times    when  you   need  commercial 
publications  that  are  not  included  in  the  TO  system.  In  some 
cases.  Air  Force  organizations  buy  items  of  equipment  off 
the  shelf  in  the  local  area  or  buy  items  in  very  small 
quantities.  The  publications  required  in  these  cases  are 
limited  to  just  a  few  copies  and  consist  of  operation 
manuals,  service  and  maintenance  manuals,  and  parts  lists. 
When  this  happens,  the  only  source  of  information  is  the 
commercial  publications  available  from  the  manufacturer 
of  the  equipment.  Since  these  publications  are  not  used 
throughout  the  Air  Force,  they  are  not  placed  in  the  TO 
system.   These  publications  are  bought  through  local 
procurement  from  the  equipment  manufacturer.  There  are 
other  commercial  publications  you  may  need  such  as 
specialized  instructions,  standards,  and  codes  that  are  not 
put  in  the  publication  system  for  various  reasons.  The  main 
reason  is  one  of  economics.  It  is  cheaper  to  buy  what  is 
already  printed  when  the  instructions  meet  Air  Force  needs. 
In  any  case,  if  publications  o"  this  type  are  needed,  they 
must  be  purchased  through  local  procurement.  Commercial 
publications  purchased  by  the  Air  Force  in  this  manner  are 
neither  put  in  the  TO  file  nor  shown  in  the  TO  indexes. 
Unnumbered  commercial  publications  should  be  kept 
together  in  some  logical  order  in  a  section  or  shelf  of  a 
publications  filing  cabinet  readily  available  to  everyone. 

Exercises  (019): 


1 .   How  are  commercial  publications  identified  when  they 
019.  State  how  commercial  publications  are  acquired,  are  a  part  of  the  TO  system? 

identified,  and  indexed. 

Commercial  Publications.  Occasionally,  you  will  need 
technical  instructions  concerning  an  item  of  equipment  or  a 
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2.   How  arc  commercial  publications  lUcd  when  they  are 
part  of  the  TO  system? 


3.   How  are  commercial  publications  indexed  when  they 
arc  a  part  of  the  to  system? 


4.  State  two  reasons  why  some  commercial  publications 
(commercial  manuals)  needed  by  the  Air  Force  are  not 
included  in  the  l  O  system? 


5.  List  some  other  commercial  publications  besides 
operations  and  maintenance  manuals  that  are  not  in  the 
Air  Force  system. 


6.   How  are  publications  not  in  the  system  purchased? 


7.   How  are  commercial  publications  not  in  the  TO  system 
indexed  and  filed? 


020.  Select  the  identifying  and  indexing  methods  and 
techniques  for  standard  publications  and  TOs. 

As  you  already  know,  there  are  a  great  number  of 
subjects  important  to  you.  These  subjects  are  contained  in 
AF  standard  publications  and  Tech  Orders.  Much  time  and 
effort  would  be  lost  if  you  had  to  search  through  all  the 
existing  publications  to  find  the  particular  subject  you  need. 
Therefore,  if  we  are  to  quickly  locate  the  desired  subject, 
we  must  have  a  method  of  identifying  the  publication 
containing  the  information  we  need. 

Identification  of  Standard  Publications.  A  method  for 
easy  and  quick  identification  of  Air  Force  publications  is 
important  because  of  the  large  variety  of  publications 
required  by  the  many  units  and  organizations  within  the  Air 
Force.  A  system  of  letters,  numbers,  and  titles  has  been 
developed  to  indicate  the  subject  matter  of  the  publications 
and  to  assist  in  the  indexing  of  them. 

Alphabetical  and  numerical  ideniificaliun.  The  Air  Force 
has  adopted  a  dual  identification  system.  This  system 
consists  of  an  alphabetical  prefix  and  a  number  code  of  two 
or  more  groups  of  digits.  The  alphabetical  prefix  identifies 
the  type  of  publication  and  the  level  at  which  it  was 
originated.  The  prefix  may  look  like  this.  **AFR,  AFM,  or 
AFP."  The  ''AF"  indicates  that  the  publication  originated 
at  Headquarters  USAF.   The  ''R"   indicates  that  the 


publication  is  a  regulation;  the  **M"  stands  for  manuflJsrana 
the         means  that  it  is  a  pamphlet.  The  numerical  code 
consists  of  a, basic  subject  series  number  and  a  specific  item 
number.  The  series  number  identifies  the  subject  that  most 
closely  relates  to  the  title  and  content  of  the  publication. 
See  figure  1-8  for  examples  of  series  numbers  and  subjects. 
The  actual  list  is  in  alphabetical  order  as  you  will  see  later. 
The  item  number  is  preceded  by  a  dash  to  separate  it  from 
the  series  number  and  identifies  the  specific  publication. 
Operating  instructions  and  visual  aids  are  also  identified  by 
the  same  system.  However,  the  staff  digests  and  bulletins 
are  numbered  in  sequence,  starting  with  number  1  at  the 
beginning  of  each  calendar  year.  Now  let's  look  at  the 
complete  number  of  a  publication.  Let's  use  as  an  example, 
AFR  85-1 .  The  AFP  indicates  that  the  publication  is  an  Air 
Force  pamphlet;  the  85  is  the  series  number  indicating  the 
subject  of  Civil  Engineering  General;  the  ~1  indicates  the 
specific  publication  of  Electrical  Facilities  Safe  Practice 
Handbook.  Now,  that  you  know  how  to  identify  a  standard 
publication,  let's  find  out  how  the  publications  are  indexed 
and  filed. 

Indexing  system.  It  would  be  impossible  to  remember  the 
number  and  title  of  each  Air  Force  publication.  The 
indexes,  then,  are  important  to  you  because  locating  the 
desired  publication  can  be  speeded  up  by  their  use.  The  key 
is  to  learn  to  use  the  indexes.  They  are  prepared  and  issued 
as  Air  Force  Regulations — the  **0"  series.  See  figure  1-9 
for  a  section  of  AFR  0-2  which  lists  all  the  indexes.  As  you 
can  see,  there  is  quite  a  number  of  indexes  listed  and  they 
cover  a  wide  variety  of  publications  and  forms  which  are 
used  to  meet  various  Air  Force  needs.  The  index  in  this  list 
that  you  will  use  most  often  is  the  AFR  0-2  Numerical 
Index  of  Standard  and  Recurring  Air  Force  Publications. 
The  publications  contained  in  this  index  are  listed  by  series 
number  and  by  specific  number.  Recurring  periodicals  and 
visual  aids  are  also  listed  in  this  index  in  numerical  order 
right  after  the  alphabetical  list  of  series  numbers  at  the  front 
of  the  regulation.  Next,  the  Air  Force  regulations,  manuals, 
and  pamphlets  are  listed  in  numerical  order  according  to 
subject  series  numbers.  Look  at  figure  1-10  and  notice  the  4 
series   numbers— 81,   82,   84,   and   85.    The  specific 
publications  in  each  of  these  series  are  listed  in  numerical 
order.  Look  again  at  figure  1-10  and  note  the  headings  for 
each  of  these  series.  The  subjects  related  to  the  series 
numbers  are  listed  in  alphabetical  order  inside  the  front 
cover  of  the  regulation.  Figure  1-11  shows  this  alphabetical 
listing.  The  list  is  used  to  identify  the  subject  series 
numbers.  The  list  contains  only  the  general  subject  areas; 
none  of  the  actual  publication  titles  are  listed.  However,  the 
use  of  the  alphabetical  list,  followed  by  use  of  the 
numerical  list  will  let  you  identify  the  desired  publication 
by  title  and  number. 

A  little  more  needs  to  be  said  about  the  other  indexes 
shown  in  figure  1-9.  You  will  need  to  use  some  of  them 
from  time  to  time.  The  titles  on  these  indexes  show  the  type 
of  publications  that  are  listed  in  them.  One  that  you  have  a 
need  for  is  AFR  0-8,  Index  of  Specialty  Training 
Standards,  which  you  use  to  see  that  you  have  the  current 
training  standard  for  your  trainees.  Another  index  you 
should  find  very  useful  is  AFR  0-9,  Numerical  Index  of 


25 


EKLC 


34 


Sorios  Numbor 


Subject 


0- 
J  - 
5  - 
9- 
10- 
11- 

3  5- 
36- 
39- 

4  0- 
50- 
67- 
77- 
85- 
86- 
87- 
88- 
90- 
91- 

92- 
93- 
111- 
127- 
205- 


Indexes 

Aerospace  Doctrine 

Pub 1 i cat  ions  Management 

Forms  Management 

Administrat  Ive  Communications 

Admi nis tra t ive   Pract ices 

Personnel 

Mi  1 i  tary  Personnel 
Officer  Personnel 
F.nl  is  ted  Personnel 
Civil ian  Personnel 
Training 
Supply 

Motor  Vehicles 
Civil    Engineering  -  General 
Civil    Engineering  Programming 
Real    Property  Management 
Faci 1 ity  Design  and  Planning 
Hous  i  ng 

Real    Property  Operation 

and  Maintenance 
Civil    Engineering   Fire  Protection 
Special    Civil  Engineering 
Military  Justice 
Safety 
Security 
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SKCTION  C-RE(;ULATI()NS,  MAM  ALS,  AND  PAMPHLETS  (Short  Titles:  APR,  AFM,  AFP) 

\mnhcf 


Dure 


()-lNDt:XKS 


R 

O-l 

1  Sep  74 

R 

0-2 

1  Apr  80 

R 

0-4 

•  15  Oci  80 

R 

0-5 

•    8  Sep  80 

R 

0-7 

9  Apr  80 

Changes 

R 

0-8 

•    1  Vcb  81 

R 

0-9 

•  2!  Nov  80 

R 

O-IO 

1  Apr  80 

R 

0-12 

•  9  Dec  80 

R 

0-13 

26  Jul  78 

R 

0-14 

1  Aug  79 

R 

0-15 

•    5  Sep  80 

R 

0-16 

24  Jul  78 

R 

0-17 

•  28  Nov  80 

R 

0-18 

•  I  Nov  80 

Tif/c 


Guide  lo  Indexes,  Catalogs,  and  Lists  of  Depanmenial  Publica- 
lions 

Numerical  and  Index  of"  Standard  and  Recurring  Air  Force  Publi- 
cations 

L)epariment  of  Defense,  Joint  Chiefs  of  StafT,  cJv;  Inlerservice  Pub- 
lications and  Air  Force  Acquisition  Documtnts 
Specialized  COMSFC  Publications 
index  of  Air  Force  Personnel  Tests 
1 

Numerical  index  of  Specialty  Training  Standards 
Numerical  Index  of  Departmental  Forms 

Management  Control  and  Authorization  Program  of  Allowance 

Source  Codes  for  IJSAF  Activities 
Functional  index  o!'  Departmental  Forms 
Civilian  Personnel  Publications 
Civil  Fnginecr  Publications 

Defense  Intelligence  Agency  (DIA)  and  Specialized  liSAF  Intelli- 
gence Publications 

Miscellaneous  F-ederal  (Kni'rnmeni  and  Commercial  Publications 

Air  Force  Occupational  Safc\v  and  liealih  (Al  OSIl)  Standards: 
Occupational  Safety  and  Health  Administraiion  (OSHA)  and 
National  Insiiiute  for  Occupational  Safety  and  Health  (NIOSM) 
Publications 

Index  of  Air  Force  Manpower  Standards 
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Figure  1-9.  Index  listing. 
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SKCTION  ( :-RK(;ULATIONS,  MANUALS,  AND  PAMPHLETS  (Short  Titles:  AFR,  AFM,  AFP) 


i\ urn  her 


Date 


Title 


81 -SPECIFICATIONS  AND  STANDARDS 
R  81-10  2  Jun  75    Engineering  Drawing  System 

R  81-11  2  Jun  75    Engineering  Drawing  Change  Sysujrn 


82-DESIC;NATING  and  naming  DEFENSE  EQUIPMENT 

82-1  9  Apr  76    Military  Aircraft,  Rockets,  and  Guided  Missiles 

\  \  Feb  74    Joint  Electronics  Type  Designatior.  System 
7  Oct  74    Military  Aircraft,  Rockets,  and  Guided  Missiles 
15  Jan  80    Designating  Aeronautical  and  Support  Equipment 
4  Apr  79    Designating  and  Redesignating  Air  Force  Electronics  Equipment 

79-1 


82-2 
82-3 
82-4 
82-7 
IMC 


84-PRODUCTlON 
R  84-4  3  Apr  75 


R  84-8 


26  Aug  74 


Munitions  and  Equipment  Production  Schedule,  (RCS:  HAF- 
LGY(M)7135) 

Reports  on  Production  of  Aircraft,  Missiles,  and  Engines,  (RCS: 
HAF  -  RDG(Mni02) 


85-CIVIL  ENGINEERING 
+  R  85-1  22  Sep  78 

IMC 

—  P  85-1  14  Nov  67 

Oismges 
IMC 
EMC 
R  85-2 


GENERAL 

Resources  and  Work  Force  Management 

irs  go.2  •80-3 

E  ..cilities  Safe  Practices  Handbook  (Reprint,  28  May  74, 

1.         s  changes  I  and  2) 


79-1 
77-1 


•80-1 


+  M  85-3 
R  85-4 

+  M  85-5 

M  85-6 
4-  R  85-7 

mz 

R  85-8 

-  R  85-9 

IMC 
R  85-10 

Changes 

IMC 
P  85-11 
M  85-12 

Vol  1 
Changes 
Vol  2 

—  M  85-13 
+  M  85-14 

M  85-15 
Changes 


26  Nov  68 

15  Jan  69 
30  Oct  63 

1  Nov  65 

30  Aug  63 
20  Apr  76 

31  Mar  77 
I  Mar  76 

24  Oct  75 

1 5  Sep  80 

1  Jun  64 
15  Jun  64 
5  Feb  59 
5  Jan  59 
1  Jun  56 


Family  Housing  for  Essential  Employees  at  Research  and 

Development  Installations  (PA) 
Paints  and  Protective  Coatings  (Reprint  includes  Change  1) 
Implenienting  Guarantees  of  Equipment  Installed  in  AF  Construc- 
tion 

Maintenance  and  Operation  of  Cathodic  Protection  Systems 

(Reprint  Includes  Change  1) 
Land  Management  and  Grounds  Maintenance  (Reprint,  26  Aug 

77,  Includes  change  A) 
MAJCOM  Engineering  and  Services  Organizations  and  Functions 

80-1 

Maintenance  and  Repair  of  Surface  Areas 
Inactive  Installations-Inactivation  and  Maintenance 

77-1  79-1' 

Operation  and  Maintenance  of  Real  Property 
I       2  3 

80-1 

Financial  Management  Guide 

Operation  and  Maintenance  of  Central  Heating  Plants  and  Distri- 
bution Systems 

A         B      nC  D 

Operation  and  Maintenance  of  Space  Healing  Equipment  and  Sys- 
tems, and  Process  Heat  Utilization 

Maintenance  and  Operation  of  Water  Plants  and  Systems  (Reprmt, 
15  Jun  68,  includes  Changes  A  thru  D) 

Maintenance  and  Operation  of  Sewage  and  Industrial  Waste  Plants 
and  Systems  (Reprint,  I  Sep  67,  includes  Change  A) 

c  oal  Handling  (Reprint,  1  Feb  68,  includes  Changes  A  and  B) 
C 


OPR 

LHYE 
LLYH 


PAXR 

LEYEK 

PAXR 

LEYM 

LEYEK 


LEYW 
RDGB 

ESC/DEMG 
ESC/DEMM 

LEEH 

ESC/DEMM 
ESC/O'  "'M 

ESC/DEMM 

ESC/DEVN 

ESC/DEMG 

ESC/DEMP 
ESC/DEMM 

ESC/DEMG 


ESC/DEM 
ESC/DEMM 


ESC/DEMM 

HSC/DEMM 

ESC/DEMM 

ESC/DEMM 
BEG- &3  8 


Distr 

F 
F 


F 
F 
F 
F 
F 


X 
F 

F* 
F* 


I* 
F* 

F* 

F* 

F* 

F* 
F* 


F* 
F* 


F* 
F* 
F* 
F* 


Figure  1-10,  Typical  page  from  AFR  0-2, 
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Subject  No. 

Accounting  and  Finance  177 

Acquisition  Management  800 

Administration  Management  4 

Administrative  Communica- 
tions  10 

Administrative  Practices  11 

Acromedical  Evacuation  164 

Aerospace  Doctrine  1 

Aerospace  Medicine  161 

Aerospace  Operational  Doc- 
trine 2 

Aerospace  Systems  Security  ...207 

Air  Base  Defense  206 

Armament  136 

Audio- Visual  Systems  95 

Auditing  175 

Automatic  Data  Processing 

Systems  and  Procedures  171 

Awards,  Ceremonies,  and 

Honors  900 

Budget  172 

Chaplain  265 

Civil  Air  Patrol  .46 

Civil  Engineering  General  85 

Civil  Engineering  Program- 

ming  86 

Civil  Engineering  —  Fire  Pro- 
tection  92 

Civilian  Personnel   40 

CLAIMS  112 

Command  and  Control  and 

Communications  102 

Commissaries  145 

Communications  —  Electron- 
ics 100 

Comptroller  170 

Contracting  and  Acquisition  70 

Contractor  Data  Manag- 

ment  310 

Cost  Analysis  173 

Data  Automation  300 

Dental  Services  162 

Dependents'  Education  214 

Designating  and  Naming 

Defense  Equipment  82 

Disaster  Preparedness  355 

Documentation  12 

Educational  Services  PrO" 

gram  213 

Electronic  Systems  101 

Energy  Conservation  18 

Enlisted  Personnel  39 

Environmental  Protection  .!.19 

Equipment  Maintenance  66 

Exchange  Service  147 

Facility  Construction  89 


Subject  No. 

Facility  Design  and  Planning.... 88 

FeJeral  Supply  Cataloging  72 

Flying  Training  51 

Flying  ""50 

Food  Service  146 

Forms  Management  9 

Fuels,  Propellants  and  Chemi- 
cals 144 

Graves  Registration  and  Mor- 
tuary Affairs  143 

Historical  Data  and  Proper- 

ties  210 

Housekeeping  and 
Nonhousekeeping  Quarters  ....140 

Housing  90 

Indexes  0 

Industrial  Resources  .is 

Information  190 

Inspection  123 

Intelligence  2OO 

Judge  Advocate  GeneraL!"!!!!llO 

Laundry  and  Dry  Cleaning  148 

Libraries  212 

Logistics  400 

Maintenance  —  Engineering 

and  Supply  65 

Management  Analysis  178 

Management  Engineering  25 

Manpower  26 

Mapping,  Charting,  and  Geo- 
desy  96 

Materiel  Programming  401 

Medical  Administration  168 

Medical  Education  and 

Research  159 

Medical  Materiel  167 

Medical  Service  160 

Military  Airlift   76 

MILITARY  JUSTICE  "ill 

Military  Personnel  Pro- 
curement  33 

Military  Personnel  ......[..35 

Military  Records  31 

Mission  Employment  Tactics,  ...3 
Morale,  Welfare,  and 

Recreation  215 

Motor  Vehicles  ....J7 

Natural  Resources  126 

Nonappropriated  Funds  176 

Nuclear  Safety  122 

Officer  Personnel  36 

Operational  Requirements  57 

Operations  55 

Organization  and  Mission  ~ 
Departmental  2I 


Subject  jsjo 

Organization  and  Mission  - 

Field  23 

Organization  and  Mission  - 

General  20 

Oversea  Areas  216 

Packaging  and  Materials 

Handling  71 

Personal  Affairs  ...........2 1 1 

Personnel  Services  34 

Personnel  30 

Postal  and  Courier  Opera- 
tions 182 

Production  84 

Programming  27 

Publications  and  Forms 
Requirements  and  Distribu- 
tion 7 

Publications  Management  5 

Quality  and  Reliability 

Assurance  74 

Real  Property  Management. ..!!.87 
Real  Property  Operation  and 

Maintenance  91 

Reproduction...  ...... ^  6 

Research  and  Development  .....SO 

Reserve  Forces  45 

Safety  127 

Schools  53 

Search  and  Rescue  64 

Security  Police  125 

Security  205 

Special  Civil  Engineering  ....93 

Special  Investigations  124 

Special  Publications  Systems  8 

Specifications  and  Standards  81 

Standardization  73 

Storage  and  Warehousing  69 

Supply  67 

Technical  Training  52 

Training  50 

Transportation  and  Traffic 

Management  75 

Value  Engineering  320 

Veterinary  Service  163 

War  Planning  28 

Weather  105 

Writing  Improvement  13 
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Figure  l-II.  Alphabetical  list  of  subjects  in  AFR  0-2. 
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Departmental  Forms.  This  index  lists  fomis  used  by  the  Air 
Force  which  are  listed  by  type  and  then  in  numerical  order. 
The    types    of    forms    listed    are    Air    Force  (AF), 
Communications    Security    (AFCOMSEC),    Air  Force 
Technical  Order  (AFTO),  Department  of  Defense  (DD), 
Standard  and  Stock  (SF),  Optional  (OF),   and  other 
Government  Agency  Forms.  Also,  it  includes  accountable 
forms,    forms    requiring    storage    safeguards,  forms 
requisitioned  quarterly,  forms  covered  by  a  blanket  privacy 
act  statement,  and  obsolete  forms.  AFR  0-10,  Management 
Control  and  Authorization  Program  of  Allowance  Source 
Codes  for  USAF  Activities,  lists  the  table  of  allowances  that 
apply    to    your    shop.    AFR    0-14,    Civil  Engineer 
Publications,   lists   civil  engineer  publications   of  the 
Department   of  Defense,   Army,    and   Navy   that  ^ 
applicable  to  the  Air  Force  CE  functions.  One  last  index 
that  you  have  a  need  for  is  AFR  0-17,  Air  Force 
Occupational  Safety  and  Health   (AFOSH)  Standards; 
Occupational  Safety  and  Health  Administration  (OSHA) 
and  National  Institute  for  Occupational  Safety  and  Health 
(NIOSH)  Publications.  AFOSH  standards  have  replaced 
several   sections  of  AFR   127-101,   Ground  Accident 
Prevention  Handbook.  AFR  0-17  tells  you  the  standards 
you  need  in  your  shop. 

Identification  of  Technical  Orders.  Just  as  standard 
publications  have  a  numbering  system,  so  do  TOs.  You 
recall  that  standard  publications  are  assigned  a  basic  series 
number.  Technical  orders  have  a  similar  number  assigned 
called  a  category  number. 

TO  categories.  Air  Force  equipment  has  been  divided 
into  groups  according  to  type  and  use.  These  groups  are 
assigned  a  publications  category  number.  Each  category  is 
given  a  primary  number.  Some  categories  are  subdivided 
because  of  the  large  amount  of  equipment  and  material  they 
cover.  For  example,  category  32,  standard  and  special  tools 
TOs,  is  not  divided.  Category  33,  general  purpose  test  and 
associated  equipment,  is  divided  into  five  subdivisions.  At 
the  present  time,  there  are  41  categories  in  use.  Figures  1- 
12A  and  1-12B  give  a  complete  list  of  primary  AFTO 
categories  with  their  titles.  There  are  two  other  categories 
not  shown  in  figure  1-12  that  are  for  a  special  purpose  and 
are  not  available  through  the  regular  TO  system  and  do  not 
pertain  to  your  work. 

TO  indexes.  Technical  orders  which  list  other  technical 
orders  are  called  index  TOs.  There  are  several  kinds  of 
index  TOs  in  use.  The  most  frequently  used  indexes  are  the 
numerical  index  and  requu^ement  tables  (NI&RT).  They  list 
TOs  by  identifying  numbers  and  titles.  There  is  also  an 
alphabetical  index  which  lists  types  of  equipment 
alphabetically  and  the  TO  number  group  for  equipment 
listed.  There  are  also  two  indexes  which  are  used  as  cross- 
reference  tables. 

Index  TOs  give  personnel  a  way  to  select  needed  TOs, 
show  the  status  of  all  TOs,  and,  in  certain  instances,  group 
the  TOs  that  pertain  to  specific  items  of  equipment.  A 
description  of  the  types  of  indexes  issued  is  covered  in  the 
following  paragraphs.  The  second  number  in  the  index  TO 
number  indicates  the  type  of  index. 

Numerical  Index  and  Requirement  Tables.  TO 
0-1-01  is  known  as  the  index  of  indexes.  It  lists  all  the 
other  NI&RTs.  As  the  name  of  the  index  implies,  it  is  a  list 
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of  index  TOs  in  numerical  order.  Each  TO  category  will 
have  its  own  Nl&RT.  The  TO  number  tor  all  NI&RTs  will 
start  with  0-1.  As  an  example,  the  NI&RT  for  standard  and 
special  tools  is  0-1-32,  and  the  one  for  common  hardware 
equipment  is  0)enl-44. 

b.  Alphabetical  Listing  of  Equipment  to  TO  Number 
Groups.  This  TO  provides  an  easy  way  for  locating  the 
correct  TO  number  group  when  the  type  of  equipment  is 
knovn.  The  index  of  alphabetical  listings  is  numbered 
0-2-1. 

c.  Cross-Reference  Table  of  TCTO  Numbers  to 
Applicable  Data  Code  Numbers.  This  TO  provides  a  cross- 
reference  listing  of  data  code  numbers  assigned  to  active 
TCTOs.  Cross-reference  tables  start  with  0-4. 

d.  List  of  Applicable  Publications  (LOAP).  This  is  a  TO 
in  index  form  that  lists  all  the  TOs  that  are  needed  to 
operate,  maintain,  and  repair  a  major  equipment  system 
such  as  the  F-15  fighter,  a  Titan  missile,  or  a  ground  radar 
system.  The  TO  number  for  a  specific  LOAP  is  found  in  the 
applicable  category  index  that  lists  the  TOs  for  the 
equipment.  Ii  will  be  the  first  TO  number  listed  under  the 
item  of  equipment  and  the  number  always  ends  with  01;  for 
example,  21M-LGM25C-01.  This  LOAP  lists  all  the  TOs 
that  are  needed  with  the  Titan  missile  including  tools,  test 
equipment,  etc.  This  TO  would  be  included  in  the  limited 
TO  file  that  is  kept  on  the  equipment. 

Figure  1-13  13  shows  examples  of  how  TO  numbers  are 
broken  down.  Notice  each  number  has  a  specific  meaning. 
The  first  number,  90-1-32,  is  an  example  of  a  TO  number 
as  it  would  appear  in  TO  0-1-01.  The  second  3  part 
number  and  the  4  part  number  are  as  they  would  appear  in 
the  category  index.  Each  index  TO  preface  will  contain  a 
similar  breakdown  with  a  full  explanation  of  the  meaning  of 
each  number. 

TO  files.  TOs  are  placed  in  binders  in  the  same  order  as 
they  are  listed  in  the  numerical  indexes,  and  the  binders  are 
filed  by  binder  number.  In  other  words,  the  TOs  are  filed  in 
numerical  sequence  beginning  with  0-1-01.  When 
alphabetical  lettering  is  involved,  TOs  will  also  be  filed 
according  to  their  alphabetical  sequencing  as  well  as  their 
numerical  sequence.  One  binder  may  contain  one  or  more 
TOs.  For  this  reason,  the  numbers  of  the  first  and  last  TO  in 
a  binder  are  shown  on  a  tab  located  on  the  back  of  each 
binder.  Figure  1-14  shows  an  example  of  TOs  in  a  file.  As 
you  can  see  in  figure  1-14,  the  book  number  is  written  on 
the  top  of  each  tab  to  help  you  return  the  binder  to  the 
proper  place  in  the  file. 

Exercises  (020): 

1.  Place  an  X  by  the  statements  that  best  describe  the 
identification  method  and  techniques  for  standard 
publications.  Some  blanks  may  not  require  an  entry. 

 a.  Standard  publications  are  identified  only  by  an 

alphabetical  prefix. 
 b.  The     identification    system    consists     of  an 

alphabetical  prefix  and  a  number  code  of  two  or 

more  groups  of  digits. 
 c.  Standard  publications  use  only  numbers  and  digits 

for  identification. 


CATEGORY 

TO  NI&RT 

01  0-1-01 


00  0-1-02 

1  0-1-1  Sc: ies 

2  0-1-2  Series 

3  0-1-3  Series 

4  0-1-4  Series 

5  0-1-5  Series 

6  0-1-6  Series 

7  0-1-7  Series 

8  0-1-8  Series 

9  0-1-9  Series 

10  0-1-10  Series 

11  0-1-11  Series 

12  0-1-12  Series 

13  0-1-13  Series 

14  0-1-14  Series 

15  0-1-15  Series 

16  0-1-16  Series 

21  0-1-21  Series 

22  0-1-22  Series 
31  0-1-31  Series 


TITLE 

Numerical  index  and  Requirements  Tables,  Numerical 
Index,  Alphabetical  Indexes,   and  Cross  Reference 
Table  Technical  Orders, 

General  Technical  Orders 

Aircraft  Technical  Orders 

Airborne  Engine  Orders 

Aircraft  Propellers  and  Associated  Equipment 
Technical  Orders 

Aircraft  Landing  Gear  Components  and  Associated 
Equipment  Technical  Orders 

Airborne  Instrument  Technical  Orders 

Aircraft  and  Missile  Fuel  systems  and  Equipment 
Technical  Orders 

Airborne  Engine  Lubricating  Systems  and  Associated 
Equipment  Technical  Orders 

Airborne  Electrical  Systems  Technical  Orders 

Airborne  Hydraulic,  Pneumatics  and  Vacuum  Systems 
Technical  Orders 

Photographic  Equipment,   Supplies,  and  Sensitized 
Materials  Technical  Orders 

Armament  Technical  Orders 

Airborne  Electronic  Equipment  Technical  Orders 

Aircraft  Furnishing,  Cargo  Loading  and  Aerial  Delivery, 
and  Firefig'.ting  Equipment  Technical  Orders 

Deceleration  Devices,  Personal  and  Survival  Equipment 
Technical  Orders  siuj.p.u«nT; 

Aircraft  and  Missile  Temperature  Control,  Pressurizing, 
Air  Conditioning,  Heating,   ice  Eliminating,  and  Oxygen 
Equipment  Technical  Orders 

Airborne  Mechanical  Equipment  Technical  Orders 
Guided  Missile  Technical  Orders 
Aerospace  Technical  Orders 
Electronic  Technical  Orders 
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Figure  I-I2A.  Technical  order  categories  and  titles. 
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30 


32  0-1-32  Series 

33  0-1-33  Series 

34  0-1-34  Series 

35  0-1-35  Series 

36  0-1-36  Series 

37  0-1-37  Series 

38  0-1-38  Series 

39  0-1-39  Series 

40  0-1-40  Series 

41  0-1-41  Series 
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0-1-42  Series 


43  0-1-43  Series 

44  0-1-44  Series 

45  0-1-45  Series 

46  0-1-46  Series 

47  0-1-47  Series 

49  0-1-49  Series 

50  0-1-50  Series 

51  0-1-51  Series 

60  0-1-60  Series 


Standard  and  Special  Tools  Technical  Orders 

General  Purpose  Test  and  Associated  Equipment 
Technical  Orders 

Shop  Machinery  and  Associated  Equipment  Technical  Orders 

Ground  Handling,   Support  and  Base  Operating  Equipment 
Technical  Orders 

Vehicles,   Construction  and  Materials  Handling 
Equipment  and  Equipment  and  Components  Technical 
Orders 

Fuel,  Oil,   Propel lant  Handling  and  Associated 
Equipment  Technical  Orders 

Nonaeronautical  Engines  and  Components  Technical 
Orders 

Watercraft  and  Associated  Equipment  Technical  Orders 

Commercial  Air  Conditioning,  Heating,  Plumbing, 
Refrigerating,  Ventilating,   and  Water  Treating 
Equipment  Technical  Orders 

Subsistence  and  Food  Service  Equi;,  ment  Technical  Orders 

Chemical,  Oxygen,  Metal,  Textile,  Fuels,   Cordage,  Lumber, 
and  Rubber  Materials   (Dopes,   Cleaning  Compounds,  Glues, 
Gases,  Lubricants,   Paints,   Plastics,  etc)  Technical  Orders 

Training  Devices  and  Associated.  Equipment  Technical 
Orders 

Common  Hardware  Equipment  Technical  Orders 

Railroad  and  Associated  Equipment  Technical  Orders 

Office,  Duplicating,   Printing  and  Binding  Equipment 
Technical  Orders 

Agricultural  Equipment  Technical  Orders 

Optical,   Instruments,  Timekeeping,   and  Navigation 
Equipment  Technical  Orders 


Special  Service  Equipment  Technical  Orders 

General  Purpose  Automatic  Test  System  and  Vex 
Automatic  Test  Sytems  Technical  Orders 

Explosive  Ordnance  Disposal  Technical  Orders 
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Figure  1-12B.  Technical  order  categories  and  titles. 
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Three-Part  TO  Numbers 


TO  Category- 


Major  Group  of 
Equipment 


Specific  Type  of 
Major  Group 


General  Series,  Type, 
Model,  or  Part  Number 


32 

J 


\8    "    ?  - 


Kind  of  TO- 


Four-Part  TO  Numbers 


TO  Category- 


Major  Group  of 
Equipment 


Specific  Type  of 
Major  Group 


Specific  Item 


J 


General  Series,  Type, 
Model,  or  Part  Number 


Kind  of  TO  or  Individual  TO 


14-4 


15  - 


BEO 


Figure  I-I3.  TO  number  breakdown. 
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Figure  1-N.  Technical  order  binders. 


 d.  The  APNl  prefix  indicates  an  Army  publication. 

 e.  The   type   of  publication   is   identified  by  an 

alphabetical  prefix. 
 f.  The  numerical  code  consists  of  a  basic  series 

number  and  a  specific  item  number. 
 g.  The  series  number  identifies  the  related  subject  and 

content  of  the  publication. 
 h.  The  specific  publications  are  identified  by  letters 

preceded  by  a  dash. 
 i.  Staff  digests  and  bulletins  are  identified  by  letters 

and  dashes. 

 An  AFP  prefix  indicates  an  Air  Force  pamphlet. 

2,  Mark  the  following  statements  about  indexing  methods 
and  techniques  for  standard  publications  true  or  false 
by  entering  a  T  or  F  in  the  space  provided.  Correct  the 
false  statements. 


 a.  The  standard  publication  indexes  are  prepared  and 

issued  as  Air  Force  manuals. 
 b.  The  standard  publication  indexes  are  picpared  and 

issued  as  Air  Force  Regulations. 
 c.  The   indexes   are   issued   as   the    **0"  series 

publications. 

 d.  The    publications    in   the    indexes    are  listed 

alphabetically  and  numerically. 
 e.  The  publications  in  the  indexes  are  listed  in 

numerical  order  by  series  numbers  and  by  specific 

number  under  the  series  number. 
 f.  The  titles  of  the  specific  publications  are  listed  in 

alphabetical  order. 
 g.  The  alphabetical  listing  in  the  front  of  AFR  0-2 

contains  the  titles  of  the  publications. 
 h.  The  alphabetical  list  in  the  front  of  AFR  0-2 

contains  general  subject  areas  used  to  identify  the 

series  numbers. 
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3.  Match  the  statements  about  indexes  in  column  A  with 
the  correct  index  number  in  column  B  by  entering  the 
proper  letter  in  the  space  provided.  Some  indexes  may 
be  used  more  than  once  and  others  may  not  be  used  at 
all. 


Column  B 

a.  AFRO-1. 

b.  AFRO-2. 

c.  AFRa-4. 
AFR  0-7. 
AFRO-8. 
AFRO-P. 

g.  AFR  0-10. 

h.  AFR  0-13. 
i. 

j.  AFR  0-16. 
k.  AFR  0-17. 


Column  A 

-   ( 1 )  Lists  tables  of  allowances  for 

you  shop. 
.  (2)  Includes  Army  and  Navy 

civil  engineering 

publications. 
.   (3)  Shows    current    date  of 

Department     i>f  Defense 

forms  used  by  the  AF. 
.   (4)  Is  a  guide  to  indexes. 
.   (5)  Provides  a  list  of  permanent 

visual  aids. 
.  (6)  T'A  J  to  find  current  d&te  of 

S .  542X0. 
.   (7)  Has  an  alphabetical  list  of 

general      subject  areas 

covered       by  standard 

publications. 
.   (8)  Lists  publications  that  are 

replacing  AFR  127-1. 
.  (9)  Is  a  list  of  all  forms  used  by 

the  Air  Force  b>  type  in 

numerical  order. 

 (10)  Lists  the 

numbers      of  recurring 

periodicals. 
.(11)  Has  a  list  of  safety  standards 

you  need  in  your  shop. 
(12)  Lists  current  personnel  tests. 


Where  can  the  title  and  numbers  of  TO  categories  be 
found? 


Look  at  figure  1-12  and  list  the  category  number  for  an 
electrical  drill  press  and  an  oxygen  cylinder. 


9.  What  is  the  TO  number  of  the  first  TO  in  the  file? 


10.  How  do  we  identify  the  contents  in  a  TO  binder? 


11.  How  arc  TOs  filed? 


021-  Using  an  annotated  page  from  AFR  0-2,  determine 
wliicli  of  tlie  publications  are  in  the  file  and  which 
publications  are  on  order. 

Operational  units  in  the  Air  Force  do  not  need  to  maintain 
complete  files  of  ail  standard  publications.  Your  own 
organization  normally  has  in  its  file  only  the  publications 
required  to  accomplish  its  mission.  We  must,  then,  have  a 
system  that  allows  us  to  check  the  status  of  the  publications 
in  the  file. 

Index  Annotation.  So  that  you  will  know  whether  or  not 
your  office  files  contain  the  publication  you  need,  the  file 
clerk  uses  a  system  of  marking  the  organization's  copy  of 
AFR  0-2  in  pencil  or  ink.  Publications  that  you  need  and 
which  are  in  the  office  file  have  a  crossmark  or  plus  sign 
(+)  just  ahead  of  the  number  in  the  index  listing.  If  a 
publication  is  needed  but  not  in  the  files,  there  is  a  minus 
sign  (— )  entered.  This  sign  means  that  the  publication  is  on 
order.  If  there  is  no  mark  next  to  the  number,  the 
publication  is  not  in  the  file  and  it  is  not  needed. 

Exercises  (021): 

1.  Use  figure  1-10  and  list  the  number  of  each  publication 
shown  to  be  in  the  file. 


2.  Use  figure  1-10  and  list  the  number  of  each  publication 

How  are  numerical  type  indexes  unlike  other  type  TO  ^ 
numbers? 


7.  What  is  the  TO  number  for  the  alphabetical  index? 


8.  State  how  TOs  are  identified  and  indexed. 
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022.  Froan  a  list  of  TO  deficiencies,  decide  which  ones 
are  reportable  and  which  ones  are  not. 

A  TO  improvement  report  is  a  suggested  correction  of  an 
error  or  correction  of  terminology  which  affects  the 
meaning  of  the  information.  It  may  also  be  to  correct  wrong 
information  that  will  affect  mission  accomplishment.  It 
could  be  used  to  suggest  a  better  way  of  doing  one  of  the 
tasks. 

Reportable  TO  Deficiencies.  The  correction  of  minor 
inaccuracies  of  a  nontechnical  nature  are  not  considered 
improvements  and  should  not  be  reported.  Technical  Order 
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00-5-1,  AF  Technical  Order  System,  explains  in  detail  the 
procedures  for  reporting  improvements  in  TOs.  There  arc 
two  forms  available  for  reporting  deficiencies:  AFTO  Form 
22  and  AF  Form  847.  AF  Form  847,  * 'Recommendation  for 
Change  of  Publication,"  is  used  only  for  reporting 
deficiencies  in  flight  and  standardization  manuals. 
Tlierefore,  you  are  concerned  with  AFTO  Form  22, 
'Technical  Order  System  Publication  Improvement  Report 
and  Reply." 

Prior  to  submitting  an  improvement  report,  give  some 
thought  to  the  suspected  deficiency  in  terms  of  what  its 
effect  will  be  on  organizational  mission,  personnel  safety, 
cost  involved  to  change  the  TO,  damage  to  equipment, 
work  simplification,  manpower  savings,  and  urgency  of  the 
change.  Three  types  of  reports  may  be  submitted, 
depending  on  what  is  involved  and  how  critical  it  is.  Submit 
these  reports  through  your  supervisor  to  the  BCE  quality 
control  section.  Types  of  reports  will  be  covered  under  the 
next  objective. 

Exercises  (022): 

1.  Indicate  which  of  the  following  examples  of  technical 
order  deficiencies  should  be  reported  by  putting  an  X 
in  the  blank. 


a.  A  tolerance  that  should  read  .050  instead  of 
.  b.  Change  the  name  of  a  switch  used  on  a  transfer 
panel. 

.  c.  The  word  blade  being  misspelled  as  "bade". 

.  d.  A  critical  adjustment  that  should  read  1/4  turn 

instead  of  1  1/4  turns. 
.  e.  A  scaffold  erection  procedure  that  could  cause  the 

scaffold  to  collapse. 


Routine  reports.  These  reports,  as  shown  iu  gure  1-15, 
describe  improvements  in  TOs  which,  if  not  made,  could 
result  in  a  hazardous  condition  through  prolonged  use  or 
have  a  negative  effect  on  operational  efficiency.  Another 
use  for  this  report  is  for  a  TO  deficiency  which  can  reduce 
the  operational  life  or  general  service  of  a  piece  of 
equipment.  Replies  to  routine  reports  arc  required  within 
60  days  and  corrective  action  within  240  days. 

Exercises  (023): 

1 .  Fill  in  the  blanks  in  front  of  the  numbers  of  column  A 
with  either  a,  b,  or  c  from  column  B  that  applies  to  the 
situation. 


023.  Distinguish  between  the  three  types  of  publication 
improvement  reports. 

Publication  Improvement  Reports.  There  are  three 
types  of  publication  improvement  reports  submitted  on 
AFTO  Form  22.  They  are  emergency  reports,  urgent 
reports,  and  routine  reports. 

Emergency  reportsi critical  safety  hazard  reports.  These 
reports  suggest  improvements  in  TOs  involving  safety 
which,  if  not  made,  could  result  in  fatal  or  serious  injury  to 
personnel,  damage,  or  destruction  of  equipment  or 
property,  or  failure  to  achieve  or  maintain  an  operational 
posture.  These  reports  require  AFLC  to  take  action  within 
48  hours  after  the  report  is  received.  Emergency  reports  are 
sent  by  electrical  transmission. 

Urgent  reports.  These  reports  suggest  nonemergency 
improvements  involving  a  potentially  hazardous  condition. 
When  a  deficiency  exists  that  could  result  in  injury  to 
personnel,  damage  to  equipment  or  property,  or  jeopardize 
the  safety  or  success  of  procedures,  submit  an  urgent  report. 
An  urgent  report  requires  action  by  AFLC  within  40  days 
after  receipt. 


Column  B 

a.  Emergency  report. 

b.  Urgent  report. 

c.  Routine  report. 


Column  A 

(1)  Safety  condition  which 
could  result  in  injury. 

(2)  Sent  by  electrical 
transmission. 

(3)  Safety  condition  could 
cause  destruction. 

(4)  TO  deficiency  affecting 
the  operational  efficien- 
cy. 

(5)  Corrective  action  to  be 
taken  within  48  hours. 

(6)  Safety  improvement  in- 
volving safety  which 
could     save     a  life. 

(7)  Hazardous  condition 
could  exist  if  used  for  a 
long  period  of  time. 

(8)  TO  improvement  for 
condition  which  could 
reduce  the  operational 
life  of  a  power 
transformer. 

.   (9)  Action  taken  in  40  days 

to  correct  deficiency. 
.  (10)  TO  deficiency  that  could 

result  in  destruction  of 

equipment. 
.(11)  Require  a  reply  within  60 

days. 

.(12)  Deficiency  which  could 
damage  a  line  truck  if 
not  corrected. 


024.  State  how  publications  are  filed,  and  list  the 
procedures  used  to  locate  the  publications  in  a  file. 

Locating  Standard  Publications.  When  you  consider 
the  large  number  of  Air  Force  publications  required  for 
operation,  it  is  clear  that  there  must  be  a  filing  system  for 
these  publications.  This  system  is  set  up  to  help  you  find  the 
publication,  changes,  and  supplements  you  need.  For  this 
reason,  you  must  know  how  the  publications  are  filed  in  the 
file  and  within  the  binders. 

Filing  method.  Standard  publications  are  filed  in 
standard  three-ring  binders  in  the  order  they  appear  in  APR 
0-2.  That  is,  the  publications  are  filed  in  numerical 
sequence  by  subject  series  and  specific  item  number.  Each 
binder  has  a  label  which  indicates  the  contents  of  the 
binder.  The  binders  are  then  filed  in  a  bookcase  in 
numerical  sequence,  as  shown  in  figure  1-16.  Note  that  the 
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TECHNICAL  ORDER  SYSTEM  PUBUCATION  IMPROVEMENT  Rm>RT  AND  RB>iY 


ATC/DEMU 

Randolph  AFB.  TX  78148 


S.  eAS{C  DATE  OF  T.O. 

1  Oct  1966 


2.  TO,  KVin  KMr^wMHv 

SM/AlWl^EliT 

McClellan  AFB,  CA  956b2 


«,  DATE  OF  T,0,  CHANGE 

Chg  8,  12  Aug  1974 


7.  PAQE  NUMBER 

4-7 


3.  MOM  ronn  »«9«r«M 

3750  CES/DEME 
Sheppard  AFB,  TX  /6311 


a.  PARAGRAPH  NUMBER 

4-12 


momMArrmovMD 


4.  REPORT  DATE 


1  1 


6  I 


9.  FIGURE  NUMBER 

NA 


DOC 
IDENT 


TECHNICAL  ORDER  NUMBER 


8 


IMPROVEMENT  REPORT  NUMBER 


31   32  33  34  35  3«  37  3»  3t  40  41  42  43  44 


C  E 


10.  BRIEF  SUMMARY  OF  DEFICIENCY  AND  RECOMMENDED  CHANGE  (IW 

This  report  concerns  electrical  safety  during  operation  of  a  Generator  Set, 
Diesel  Engine,  Type  EMU-17/E.    Paragraph  4-12  reads  "DURING  OPERATION, 
Check  again  for  fuel  leaks.    Perform  any  inspections  within  generator  set 
with  great  caution  to  avoid  mechanical  injury  or  dangerous  electrical  shock. 

It  is  recommended  that  the  following  sentence  be  added  to  paragraph  4-12. 
"Insure  that  you  remove  all  jewelry  and  secure  or  remove  all  loose  clothing. 
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n.  RCPORTEt)  BY  ribW^^i  WgiMiMf^*.  a#  .iitf  fl2.  APPROVED  BY  oL^^^S^  \         -   pU     '  ' 


Robert  L.  Willingham,  SSgt 
3750  CES/DEME/736-4340 


MAJOR 

ACTION 


BY  0pip<ypiwiy^ 

Thomas  r.  L^TTfeV  SMSgt 
NCOIC.  Electrical  Sec. 


John  T.  Jones,  Maj 


22.  DATE  OF  REPLY 


23.  REPLY  BY  {SignAtwrm.  OAS,  SxiammUm) 


24.  APPROVED  BY  (Sm^mi  ulmmr) 


REPLACES  AFTO  FORMS  22  AND  22A  WHICH  ARE  OBSOLETE 


Figure  1-15,  Completed  AFTO  Form  22. 
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Figure  1-16.  Standard  publicaiiou  bincierN 


binders  are  also  numbered  1,  2,  3,  4,  etc.  These  numbers 
will  readily  indicate  when  binders  are  missing  or  out  of 
proper  sequence. 

Current  status.  Publication  files  are  kept  current  by 
changes,  supplements,  and  revisions.  Changes  are  filed 
immediately  behind  the  publication  affected.  Supplements 
arc  filed  in  descending  order  according  to  the  level  of 
command  that  published  the  supplement.  Figure  1-17 
shows  the  proper  sequence  to  put  changes  and  supplements 
in  a  file.  Revisions  are  complete  new  editions,  and  replace 
or  supersede  the  original  publication. 

Locating  publications.  Since  there  may  be  several 
binders  and  several  dozen  publications  in  the  file,  you  must 
know  the  exact  number  assigned  to  the  publication  you 
need.  Your  first  step  locate  a  publication,  then,  is  to 
identify  the  number  of  the  needed  publication.  You  identify 
this  number  by  using  the  alphabetically  listed  subjects  in  the 
front  of  AFR  0-2.  This  index  is  in  the  first  book  of  the  file. 
Once  you  locate  the  proper  subject  series  number,  you  can 
turn  to  that  series  number  in  the  index  and  locate  the  desired 
publication  by  title  and  number.  Next,  you  check  the 
current  status  and  availability  of  the  publication.  Your  next 
step  is  to  locate  the  actual  publication  in  the  file.  Look  at 
the  numbers  on  the  inserts  on  the  back  of  the  binders. 
When  the  number  appears  on  the  insert  or  falls  between  the 
numbers  on  the  insert,  your  publication  is  in  that  binder. 


Supplement 
(Group  or  Squadron) 


Supplement 
(Wing) 


Supple  me  nt 
(Numbered  Air  Force) 


Supplement  2 
(Major  Command) 


Supplement  1 
(Major  Command) 


Emergency  Msg  Change 


Change  2 


Change  1 


AFR. 
(Basic) 


BEO-02e 


Figure  1-17,  Filing  changes  and  supplements. 
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When  you  know  the  title  and  number  of  a  publication,  you 
must  still  check  AFR  0-2  to  see  if  the  organization  has  a 
current  copy  with  changes. 

Locating  TOs.  Certain  steps  will  help  you  to  find  TOs  in 
a  TO  file.  As  you  know,  the  first  binder  or  binders  in  the  file 
will  contain  a  copy  of  all  the  numerical  indexej*  that  apply 
to  the  publications  in  the  file.  The  remaining  binders 
contain  the  TOs  that  make  up  the  files.  These  TOs  arc 
limited  to  those  that  apply  to  your  operations.  Now,  assume 
that  you  need  information  about  a  special  tool.  Your  first 
step  is  to  check  O-l-Ol  for  the  category  index  covering 
special  tools.  This  index  is  Q-1-32.  Your  second  step  is  to 
locate  the  binder  that  has  the  index  0-1-32.  Next,  look  in 
the  table  of  contents  in  TO  0-1-32  to  find  the  subcategory 
under  which  the  type  of  tool  is  listed.  Then,  turn  to  this 
subcategory  and  locate  the  specific  TO  number.  Let  us  say 
that  the  TO  you  need  is  32B10-2-16-1.  You  find  the  binder 
by  looking  at  the  tabs  until  the  TO  number  matches  or  falls 
between  the  numbers  on  the  tab.  Finally,  remove  this  binder 
from  the  file  and  turn  to  the  TO  that  contains  the 
information  you  need. 


Exercises  (024): 

1.  Briefly    state    the    filing    method    for  standard 
publications. 


2.  Give  the  filing  sequence  for  changes  and  supplements. 


3.  Look  at  figure  Ull  and  list  the  binder  number  that 
would  contain  publication  AFM  3-21 . 


6.  Look  at  figure  1-14  and  record  the  binder  number  that 
would  contain  TO  34Yl-42-i2-l . 


025.  List  the  procedures  used  to  locate  iiiforniation  in 
publications. 

Methods  of  Locating  Information.  The  methods  of 
locating  information  in  any  publication  must  be  fast,  easy, 
and  efficient.  Once  you  find  the  publication  you  want  in  the 
file,  locate  the  subject  matter  that  you  are  interested  in  by 
referring  to  the  table  of  contents  in  the  front  of  the 
publication  or  the  index  in  the  back.  The  table  of  contents 
contains  chapter  or  section  headings  and  topics  of  a  broad 
scope.  The  index  is  an  alphabetical  listing  of  specific 
subjects.  The  index  is  probably  the  best  place  to  find  the 
title  of  the  subject  that  you  are  looking  for.  Using  either 
reference  gives  a  location  in  the  publication  to  which  you 
should  refer  for  information  on  the  subject. 

After  you  find  the  subject  in  the  table  of  contents  or  the 
index,  you  will  be  able  to  find  the  page  or  paragraph  where 
you  can  research  for  information  about  the  subject.  The 
pages  are  numbered  in  various  ways.  Some  publications 
have  the  pages  numbered  in  ni'raerical  order,  such  as  1,  2, 
3,  4,  etc.  Some  are  numbere:i  by  the  chapter  and  then  the 
page,  such  as  2-4,  which  means  chapter  2,  page  4.  In  this 
case,  each  chapter  starts  with  page  1 .  Other  publications  are 
numbered  by  the  chapter  and  paragraph,  such  as  4-25, 
which  means  chapter  4,  paragraph  25.  In  this  case,  each 
chapter  starts  with  paragraph  1.  At  this  point,  all  that  is  left 
for  you  to  do  is  to  turn  to  the  proper  chapter  or  page 
number,  find  the  paragraph,  and  read. 

Exercises  (025): 
1 .  List  two  methods  of  locating  subjects  in  publications. 


4.  List    the    procedures    used    to    locate  standard 
publications  in  a  file. 


2.  What  advantage  does  the  use  of  the  index  afford  over 
that  of  the  use  of  the  table  of  contents? 


5.  State  the  procedural  steps  used  to  locate  TOs  in  a  file. 


3.  List   the   procedures   to   follow   to   find  specific 
information  on  a  subject  in  a  publication. 
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CHAPTER  2 


Resource  Management 


THE  MANAGEMENT  philosophy  of  the  Air  Force 
includes  getting  maximum  efficiency  for  each  dollar  spent 
while  attaining  planned  objectives.  This  means  that  human 
resources  must  be  consumed  in  the  most  effective  v/ay  to 
meet  the  goals  of  the  organization.  As  you  supervise 
electrical  jobs  on  your  base,  you  should  ask  and  answer 
these  two  questions:  "Are  the  jobs  being  done  well?*'  and 
'*Is  there  a  way  to  do  them  better?' ' 

The  key  to  improving  jobs  is  not  necessarily  an  attempt  to 
speed  up  woik  by  prodding  your  workers.  Substandard 
work  may  be  brought  up  to  standard  by  better  project 
planning,  improving  material  support,  and  eliminating 
delays.  Your  coordination  with  tlie  equipment  shop  laight 
save  many  man-hours  of  standby  time.  Man-houi*s  that  are 
not  consumed  by  productive  woric  are  a  waste  of  Air  Force 
dollars.  So  plan  your  projects  well — that  is,  with  resource 
management  in  mind, 

2-1  .Work Authorization  Documents 

To  be  an  effective  supervisor,  you  must  be  able  to  use 
manpower  effectively.  Before  any  work  can  be  done  by 
your  shop,  it  must  be  authorized  on  some  kind  of  "Work 
Authorization  Document."  In  this  section  wi  will  cover 
these  documents. 

026.  State  the  basic  concepts  of  the  civil  engineering 
management  system. 

CE  Management  System.  You  may  ask  the  question, 
"WTio  originates  all  the  work  that  my  shop  has  to  do?' '  The 
great  majority  of  the  work  in  civil  engineering  has  been 
identified  and  planned  ahead  of  time.  The  planning  and 
controlling  of  this  work  could  not  be  done  widiout  a  sound 
management  plan.  The  plan  we  are  talking  about  is  called 
the  Inservice  Work  Plan  (fWP).  This  plan,  like  all  other 
plans,  is  only  as  good  as  the  information  that  is  used  for  its 
development  and  the  effort  that  is  put  forth  to  adhere  to  the 
principles  and  objectives  of  the  plan. 

Planning.  Do  you  recall  earlier  an  office  called 
Resources  and  Requirements?  Under  this  office  is  a  unit 
known  as  "planning."  Each  year  the  planners  visit  each 
facility  on  base  and  thoroughly  inspect  it  for  any  work  that 
needs  to  be  done.  The  inspection  is  called  2i facility  survey. 
This  survey  is  one  of  the  inputs  required  by  civil 
engineering  to  develop  its  work  plan. 

In  addition  to  the  facility  survey,  shop  supervisors  arc 
responsible  for  two  inputs  to  the  work  plan.  One  of  them  is 


for  ''recurring"  labor  hours,  and  the  other  is  for 
''equipment  maintenance"  labor  hours  such  as  fire  alarms. 
The  recurring  labor  hours  are  for  work  done  on  a  periodic 
basis  within  a  particular  year.  An  example  of  this  work  is 
cathodic  protection  readings.  Another  example  would  be 
relamping  hangars. 

After  all  the  work  inputs  are  sent  to  Production  Control, 
the  IWP  programmer  gathers  them  together  and  places  the 
labor  hours  on  a  document  called  the  IWP./n  IWP.  Each 
month  work  items  from  this  plan  are  sent  to  the  work 
control  scheduling  section  for  assignment  to  CE  shops. 
These  work  items  come  on  forms  known  as  "work 
authorization  documents."  As  the  words  indicate,  these 
documents  are  the  authority  from  civil  engineering  to 
perform  the  work  stated  on  the  forms. 

Performance  evaluation.  Civil  engineering  also  has  a 
management  plan.  In  th?s  plan  there  are  provisions  for 
evaluating  the  performance  of  CE  units.  Using  the 
"management  by  exception"  technique,  which  compares 
the  "estimated"  versus  the  "actual"  labor  hours,  industrial 
engineering  can  evaluate  the  performance  of  operations  cost 
centers.  Frequent  deviations  from  the  estimated  labor  hours 
will  signal  the  need  for  further  in-depth  evaluations. 

Base  engineer  automated  management  system  (BEAMS). 
In  civil  engineering  a  large  number  of  records  need  to  be 
kept.  These  records  include  the  amount  and  cost  of 
electricity  consumed  on  base;  amount  of  sewage  disposed; 
labor  hours  required  to  operate  power  plants;  size,  shape, 
condition,  and  cost  of  each  facility.  Many  other  records  are 
required  by  law  to  be  kept.  Even  your  name  and  employee 
number  arc  part  of  the  records.  When  information  of  this 
sort  is  needed,  civil  engineering  merely  asks  the  computer 
in  symbols  and  it  will  furnish  this  information.  In  a  matter 
of  seconds  the  computer  replies  with  up-to-date  answers. 

The  name  used  to  identify  the  automated  data  processing 
system  is  BEAMS.  The  computer  used  is  the  Burroughs 
3500  (B3500).  BEAMS  provides  a  means  of  automating  a 
large  number  of  civil  engineering  records  and  files.  It  is  of 
great  significance  that  these  files  can  be  maintained  with 
efficiency  and  effectiveness  within  the  automated  system; 
however,  it  is  of  even  greater  significance  that  they  provide 
the  information  for  a  great  variety  of  computer  products  that 
are  available  to  managers  on  demand.  These  products  can 
be,  and  arc,  used  by  managers  to  make  many  important 
decisions.  Actions  of  most  all  shop  workers  within  civil 
engineering  affect  the  information  within  the  computer  files 
and  records  and  ultimately  influence  the  content  of  the 
management  products.  These  influences  arc  either  direct  as 

39  . 


EKLC 


are  the  actions  of  personnel  who  maintain  cost,  real 
property,  work  control,  and  programming  records  files,  or 
indirect  as  are  the  actions  of  shop  workers  who  report  the 
labor  hours  and  materials  used  to  accomplish  an  assigned 
job.  It  is  of  utmost  importance  that  all  civil  engineering 
personnel  know  that  their  actions  directly  or  indirectly 
influence  the  accuracy  of  the  information  contained  in  the 
automated  system  and  consequently  the  management 
products  that  the  system  produces.  The  reliability  of  their 
contribution  builds  their  own  faith  in  BEAMS  and  the 
decisions  of  those  who  use  it. 

Exercises  (026): 

1 .  What  is  the  Inservice  Work  Plan? 


2.  Who  performs  a  facilities  survey  and  what  is  it? 


3.  Name  two  inputs  you  as  a  shop  supervisor  of  the 
interior  electrical  shop,  would  make  to  the  work  plan 
and  give  an  example  of  each. 


4.  What  is  management  by  exception? 


5.  What  is  the  name  of  the  automated  computer  system 
used  to  process  civil  engineering  records? 


027.  Identify  forms,  rationales,  and  examples  of  work 
related  to  the  Recurring  Maintenance  Program. 

Recurring  Maintenance  Program  (RMP).  Recurring 
work  is  made  up  of  the  RMP,  the  operations  and  services 
work  program,  and  other  recurring  work  for  which  the 
scope  and  level  of  work  is  known  without  a  prior  visit  to  the 
job  site  each  time  the  work  is  scheduled.  The  BEAMS 
RMP  is  an  automated  schedule  for  work  to  be  done.  The 
RMP  schedule  is  filled  out  by  the  shop  supervisor  and  sent 
to  the  superintendent  for  approval.  Examples  and 
instructions  on  how  to  fill  it  out  are  found  in  Chapter  10  of 
AFR  85-1 ,  Resources  and  Work  Force  Management. 

Recurring  maintenance  applies  only  to  equipment  and 
real  property  maintained  by  BCE.  The  procedures  are  as 
follows: 

a.  Items  included  in  the  RMP  are  limited  to  items  whose 
scope  and  frequency  requirements  are  known  and  must  be 
done  at  least  once  a  year  but  not  daily. 

b.  Items  with  a  replacement  cost  of  less  than  $250  are 
not  included  unless  failure  seriously  impacts  the  mission  or 
results  in  damage  to  high  value  items. 


c.  Superintendents  must  approve  all  items  included  in 
the  RMP. 

d.  The  RMP  program  in  the  BEAMS  is  used  to  maintain 
an  inventory,  schedule  tasks,  and  report  completion  of  the 
RMP  work.  Production  control  loads  RMP  data  into  the 
BEAMS  files. 

c  .  An  Air  Force  Form  1841,  Maintenance  Action  Sheet 
(MAS),  is  used  to  identify  maintenance  actions.  An 
example  of  a  MAS  is  shown  in  figure  2-1 .  A  master  copy  of 
your  shop  MAS  is  kept  in  production  control  for  audit 
purposes. 

/.  The  superintendent  reviews  the  shop's  RMP  items 
periodically  to  make  sure  only  essential  work  is  included. 

Some  of  the  work  in  the  electrical  career  field  could  fall 
under  the  RMP.  Some  examples  are  listed  below: 

a.  Calibrating  thermostats  on  deep-fat  fryers. 

b.  maintaining  emergency  lights. 

c.  Reading  static  grounds. 

d.  Reading  lightning  protection. 

e.  Cathodic  protection  maintenance. 
/.  Fire  alarm  maintenance. 

g.  Intrusion  alarm  maintenance. 

Items  that  are  not  included  in  the  RMP  are: 

a.  Equipment  items  maintained  by  contract  services  and 
equipment  items  maintained  or  checked  daily. 

b.  Equipment  items  used  daily  by  operators.  Bases  can 
include  equipment  items  that  have  manufacturer-suggested 
maintenance  tasks,  or  those  equipment  items  that  pose 
potential  fire  or  safety  hazards. 

c.  Items  of  equipment  that  are  more  economical  to 
maintain  and  repair  on  an  as  required  basis. 

d.  RPIE  (Real  Property  Installed  Equipment)  items 
related  to  missile  facilities  when  maintenance  procedures 
are  established  by  the  command. 

e.  Appliances. 

/.  Operations  and  services  work  items. 
Exercises  (027): 
1 .  What  is  the  Recurring  Maintenance  Program  (RMP). 


2.  What  AF  Form  is  used  to  identify  maintenance  actions 
and  who  fills  it  out? 


3.  Who  reviews  the  shop's  RMP  items  and  for  what 
reason? 


4.  List  three  examples  of  work  in  the  electrician  career 
field  that  falls  under  the  recurring  maintenance 
program. 
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MAINTENANCE  ACTION  SHEET                         471  Fire 
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REQUIRED  MAINTENANCE  ACTIONS 

< 

REFERENCE  ^ 

TANOARD 
HOURS 

FREQ. 

CRE* 
SIZE 

iEAVY 
EQP 

1.  Bearins  housing,  check  for  vibration  and  noise,  properly  seated  seals  and  hand 

AFM  91-17 
7.1.3. 

2 

M 

2 

2 

test  for  temperature.  Operate  doors. 

2.  Check  all  lubricating  fittings  -  4  ea  -  for;  tight,  serviceable  repair  or 

7.1.3. 

4 

q 

2 

replace  damaged  or  missing  fittings. 

'\.  Liihripflte  bearings  with  special  ball  and  roller  bearing  grease.  _  

4  Check  chain  drive  for  tension,  adjust  to  manufacturer's  recommendation,  adjust 

7.1.3 

10 

s 

2 

guards  and  housings. 

5.  Check  alinement  of  motor  and  drive  apparatus  adjust  as  necessary. 

6.  Check  motor  end  play,  and  shaft  axial  float,  

7.  Clean  roller  bearings  in  solvent  re-pack.  

7.1.3 

16 

A 

2 

8.  Clean  and  inspect  rotor,  bars  and  fan  blades. 

3.  Mnsure  insulation  resistance,  be  sure  windings  are  dry.   _ 
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028,  State  the  purpose  of  man-hour  accounting  and 
methods  of  time  accounting. 

Man-Hour  Accounting.  Effective  manpower  planning 
and  programming  depends  upon  having  complete  man-hour 
data.  A  man-hour  accounting  system  is  designed  to  provide 
a  uniform  reporting  method  of  maximum  accuracy  with 
minimum  effort  and  cost.  Man-hour  accounting  provides 
CE  management  and  base  accounting  and  finance  with 
direct  labor  costs  against  v^ork  order  numbers  It  also 
provides  CE  management  personnel  with  information  that 
will  allow  them  to  direct  and  control  manpower  resources. 
There  are  two  methods  of  time  accounting:  the  actual  time 
accounting  (ATA)  system  and  the  exception  time 
accountmg  (ETA)  method.  Each  BCE  shop  will  use  one 
method  or  the  other  to  report  labor. 

Exercises  (028): 
1 .  What  are  the  two  purposes  of  man-hour  accounting? 


What  are  the  two  methods  of  time  accounting? 


OB  029.  State  how  AF  Form  1734  is  used  in  the  ATA 
system,  and  give  the  correct  procedures  to  record  man- 
hours  expended. 

Actual  Time  Accounting.  Cost  centers  (shops)  of  BCE 
using  ATA  will  report  the  total  number  of  direct  hours 
expended  against  each  work  order  number  by  "labor 
utilization  code  (LUC)"  and  the  total  number  of  indirect 
hours  charged  to  another  LUC.  The  interior  electric  shop 
comes  under  the  ATA  system.  Air  Force  Form  1734  BCE 
Daily  Work  Schedule,  is  used  by  actual  time  accounting 
cost  centers  (shops)  to  record  man-hours.  An  example  is 
shown  in  figure  2-2.  The  shop  supervisor  or  controller  will 
enter  the  following  information  on  AF  Form  1734  daily: 

a.  Enter  the  date  that  labor  is  to  be  performed  at  the  top 
of  the  form  in  the  space  provided. 

b.  Enter  the  names  of  individuals  being  borrowed  from 
another  shop  and  those  assigned  to  that  shop  but  not  already 
listed  on  AF  Form  1734.  Handprint  them  below  the  first 
group  of  names  (military  personnel)  if  they  arc  military  and 
below  the  second  group  (civilian  personnel)  if  they  arc 
civilians. 

c.  If  an  individual  is  being  loaned  to  another  shop,  enter 
the  control  center  code  and  cost  center  code  of  the  gaining 
shop  on  the  AF  Form  1 734 .  e-  e- 

d.  Note  that  if  an  individual  is  borrowed  from  another 
shop,  the  loaning  control  center  code  and  cost  center  code 
are  not  entered  on  the  form.  The  person  will  be  reported  as 
loaned  by  their  shop  supervisor. 

e.  Enter  the  names  of  personnel  being  loaned  and/or 
borrowed  between  subcost  centers  within  the  same  cost 
center  and  not  reported  as  loaned  or  borrowed.  Their  names 
will  be  charged  to  the  work  order  number  against  which  it 
was  expended. 


/.  Always  report  borrowed  and  loaned  labor  when  a 
change  of  cost  center  is  involved. 

g.  If  an  individual  is  assigned  to  the  cost  center  or 
subcost  center  but  does  not  appear  on  the  appropriate  AF 
Form  1734,  the  administration  section  will  be  contacted  to 
make  corrections  of  the  situation. 

The  AF  Form  1734  is  filled  out  each  day  for  each  shop  by 
the  controller  or  shop  supervisor.  It  is  based  on  an  AF  Form 
561,  Base  Civil  Engineering  Weekly  Schedule  and 
decisions  made  by  the  supervisor  and  shows  the  location  or 
status  of  each  worker. 

The  shop  supervisor  makes  job  assignments  to  all  the 
workers  for  the  next  day  and  notifies  the  controller  to  post 
che  AF  Form  1734.  The  supervisor  assigns  each  worker  a 
day's  work  and  gives  the  worker  the  necessary  maintenance 
action  sheets,  work  orders,  and  job  orders.  The  controller 
then  marks  a  job  sequence  number  on  the  daily  work 
schedule  for  each  job  assigned  to  a  worker  beginning  with  1 
(first  job).  The  next  sequence  number  shows  the  sequence 
of  work  for  each  worker.  No  man-hours,  in  a  block 
following  a  block  with  man-hours  noted,  indicates  a  current 
job  assignment  for  that  worker.  The  supervisor  also  tells  the 
controller  what  workers  are  not  there  due  to  sickness, 
emergency,  and  so  on,  so  that  entries  can  be  made  to  the 
daily  work  sheet. 

The  workers  tell  the  controller  when  they  finish  each  job 
and  how  many  man-hours  were  used.  When  more  than  one 
worker  is  involved,  the  assigned  working  leader  reports  the 
manhours  each  worker  used.  The  workers  also  tell  the 
contt-oller  when  they  leave  the  job  site.  The  controller 
venfies  the  next  job  with  the  worker,  arranges  for 
transportation,  and  notifies  the  next  customer. 

The  man-hours  are  entered  on  the  work  sheet  by  job 
order,  RMP,  work  order,  and  do-it-now  (DIN)  numbers.  At 
the  end  of  the  day,  the  controller  or  supervisor  will  compute 
the  manhours  used  nnd  completes  the  work  sheet.  Follow 
instructions  given  m  chapter  14  of  AFR  85-1 . 

Exercises  (029): 

1.   What  is  AF  Form  1734,  BCE  Daily  Work  Schedule, 
used  for  and  who  fills  it  out? 


2.  Where  are  the  names  of  personnel  loaned  to  your  shop 
entered  on  the  daily  work  sheet? 


3.  What  is  entered  with  a  loaned  individual's  name? 


4.  What  are  the  entries  on  the  daily  work  sheet  based  on'> 
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Figure  2-2.  AF  Form  1734. 
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What  is  indicated  by  no  man-hours  shown  on  the  daily 
work  sheet  following  a  block  where  an-hours  are 
noted? 


How  are  the  man-hours  for  each  job  entered  on  the 
work  sheet? 


030.  Tell  how  and  what  Is  recorded  when  the  ETA 
system  is  used,  and  identify  ETA  cost  centers. 

Another  system  that  is  used  in  conjunction  with  the  ATA 
man-hour  accounting  system  is  the  ETA  system. 

ETA  Cost  Centers.  A  monthly  BEAMS  program 
computes  labor  cost  for  ETA  cost  centers.  Direct  (normal 
duty)  and  indirect  (exception  time)  are  not  reported  by  ETA 
cost  centers  except  for  loaned  labor  between  ETA  and  ATA 
cost  centers.  Loaned  labor  is  not  reported  when  done  for 
ETA  to  ETA  cost  centers,  except  for  family  housing 
management.  Examples  of  ETA  cost  centers  arc  work 
control,  planning,  real  estate  management,  cost  accounting 
engineering ,  and  others  like  these. 

Exercises  (030): 

1.  How  is  the  exception  time  accounting  (ETA)  system 
used? 


2.  What  labor  must  be  reported? 


3.  What  cost  centers  use  the  ETA  system? 


Identify  the  type  of  work  order  used  in  a  given  job 
situation  and  give  the  document  and  procedure  used  to 
schedule  the  work  order. 

The  BCE  organization  must  have  a  way  of  documenting 
Its  tmie  and  coordinating  the  work  it  accomplishes. 
Through  the  use  of  various  types  of  work  orders  and  a 
weekly  schedule,  the  supervisors  of  all  the  CE  shops  can  do 
the  work  that  needs  to  be  done  in  a  fast  and  efficient 
manner. 

Job  Orders.  The  job  order  system  is  a  fast  way  to 
authorize  work  that  does  not  require  detailed  planning.  The 
system  includes  emergency,  urgent,  routine,  structural 
maintenance  and  repair  team  (SMART),  and  military 
family  housing  (MFH)  renovation  job  orders. 


Routine  job  orders:  This  is  work  that  should  be  done 
withm  30  calendar  days  after  identification  of  the 
requirement  or  receipt  of  material  but  does  not  qualify  as 
emergency  or  urgent  work.  A  routine  job  order  is 
authorized  on  Air  Force  Form  1879,  See  figure  2-3. 

Structural  Maintenance  and  Repair  Team  (SMART). 
This  is  the  most  economical  way  to  do  minor  maintenance 
and  repair  work  in  high  use  facilities.  It  uses  a  team  of 
workers  with  various  skills.  The  team  nomally  works  out 
of  a  trailer.  Work  is  identified  by  the  SMART  supervisor  or 
a  designated  SMART  worker  on  an  Air  Force  Form  1219 
shown  in  figure  2-4.  ' 

Military  family  housing  renovation.  MFH  renovation  job 
orders  authorize  work  on  MFH  units  during  a  change  of 
occupancy.  The  work  is  authorized  on  Air  Force  Form  1219 
and  is  done  by  a  multicraft  work  crew. 

Service  Call.  Emergency  and  urgent  job  oiders  are 
managed  by  the  service  call  function.  This  work  is  normally 
received  by  telephone.  Workers  in  radio-controlled  DIN 
trucks  are  dispatched  by  a  service  call  specialist  to  the  job 
site.  DIN  trucks  are  normally  multi-stop  vehicles  equipped 
with  tools  and  materials  to  handle  most  emergency  and 
urgent  job  orders.  After  the  job  is  finished,  the  workers 
radio  the  service  call  specialist  for  follow-on  assignments 
Response  to  verbal  requests  is  based  on  the  nature  of  the 
work. 

If  the  work  cannot  be  done  by  the  DIN  workers,  then  the 
call  will  be  assigned  to  the  shop  and  should  be 
accomplished  as  soon  as  possible. 

Emergency  job  order.  Any  work  required  to  correct  an 
emergency  condition  that  is  detrimental  to  the  mission  or 
reduces  operational  effectiveness,  is  an  emergency  job 
order.  It  includes  providing  security  to  areas  subject  to 
compromise,  eliminating  hazards  to  health,  or  protecting 
high  value  property  and  equipment.  An  emergency 
includes,  but  is  not  limited  to,  the  failure  of  any  utility,  fire 
protection,  environmental  control,  security  alarm  system, 
stopped-up  sewage,  and  fire  hazards. 

Urgent  job  order:  This  is  work  that  is  not  an  emergency 
but  that  should  be  done  in  5  workdays. 

Work  Orders.  Work  that  requires  detailed  planning  is 
authorized  on  Air  Force  Form  327,  shown  in  figure  2-5  It 
IS  a  way  to  control  large  or  complex  jobs.  The  decision  to 
use  a  work  order  is  based  on  the  need  for: 

•  Detailed  planning. 

•  Capitalization  of  real  property  records. 

•  Collecting  reimbursements. 

•  Gathering  data  for  reviev  and  analysis. 

Work  that  does  not  need  detailed  planning,  special  costing 
close  coordination  between  shops,  or  large  bills  of  material 
IS  usually  authorized  on  a  job  order. 

BCE  Weekly  Work  Schedule,  Air  Force  Form  561. 
Each  week,  production  control  develops  a  schedule  on  Air 
Force  Form  561  for  each  shop  to  include  work  orders  on  the 
IWP  charts;  man-hours  required  for  emergency,  urgent,  and 
routine  job  orders;  and  items  identified  in  the  recurring 
work  program.  ^ 

Daily  work  scheduling  is  managed  by  shop  supervisors 
through  the  controller  under  the  supervision  of  the 
superintendents.  Work  selected  by  shop  supervisors  from 
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Air  Force  Fonn  561  is  released  to  workers  and  logged  by 
controllers.  Based  on  decisions  of  the  supervisors, 
controllers  sequence  follow-on  work  assignments  and  relay 
instructions  to  the  workers.  The  objective  is  to  know  the 
location  of  each  worker  and  the  status  of  all  work.  You  may 
be  called  on  to  woric  with  the  scheduler  in  filling  out  a  561 , 
therefore  you  should  be  familiar  with  this  form.  An 
example  of  this  form  is  shown  in  figure  2-6. 

Eiserciscs  (031): 


1. 


In  the  space  provided,  state  the  type  work  oider 
required  for  each  of  the  following  job  situations. 

a .  No  power  to  computer  ce5)ter . 


b.  Porch-light  inoperative  in  family  housing. 


c.  Install  indirect  lighting  in  the  commander's 
office. 


d.  Assist  a  SMART  team  by  replacing  a  broken 
receptacle  cover. 


2.  Who  manages  AF  Form  561,  BCE  Weekly  Work 
Schedule? 


3.  State  the  objective  of  AF  Form  561 . 


2-2.  Property  Accountability  and  Responsibility 

It  is  important  that  you  understand  your  responsibility  for 
Government  property.  If  you  arc  careless  when  placed  in 
charge  of  Air  Force  property  you  may  pay  for  a  piece  of 
equipment  for  which  you  damaged  or  lost.  Your  knowledge 
of  the  rules  and  procedures  will  make  you  conscious  of  your 
responsibility  for  government  property. 

©32.  Associate  the  type  of  property  responsibility, 
liability,  or  form  witli  tlie  appropriate  identiiyine 
statements. 

Property  Accountability  and  ResponsibiUty.  The 

organizational  commander  is  responsible  and  accountable 
for  all  property  that  is  issued  to  his  organization,  whether  he 
signs  for  it  or  not.  But  because  the  duties  of  the  commander 
make  it  impracticable  for  him  to 


exercise  personal 


supervision  of  the  supply  functions,  a  commander 
designates  an  officer  to  act  as  his  supply  officer.  The 
commander  or  his  supply  officer  may  then  name  other 
representatives  to  receive  and  sign  for  property  in  his  name. 
However,  delegation  of  duty  does  not  make  the  commander 
exempt  from  financial  liability  for  loss,  damage,  or 
destruction  of  property. 

Property  responsibility  means  that  each  one  of  us  is 
obligated  to  take  care  of  Air  Force  property,  whether  it  has 
been  issued  to  us  or  to  our  unit.  This  will  include  pecuniary 
liability.  ^  ^ 

When  you  buy  an  article  from  a  store,  the  moment  the 
sales  clerk  completes  the  sale,  the  store  drops  its 
accountability  and  responsibility  for  whatever  use  you 
make  of  it.  Similarly,  when  a  stock  clerk  issues  an  AF  item 
to  you,  accountability  is  dropped  insofar  as  the  issuing 
authonty  is  concerned.  However,  you  do  not  become  the 
owner  of  the  item;  instead,  the  Air  Force  keeps  ownership, 
and  you  assume  responsibility  for  tiie  care  and  protection  of 
the  item. 

Supervisory  responsibility.  Supervisory  responsibility 
applies  to  any  person  who  exercises  supervision  over 
property  received,  in  use,  in  transit,  in  storage,  or 
undergoing  modification  or  repair.  Supervisors  are 
responsible  for  selecting  qualified  personnel  to  perform  the 
duties  under  their  control  and  for  properly  directing  or 
training  them.  They  instruct  their  people  in  supply 
procedures  in  order  to  make  sure  of  compliance  with  Air 
Force  regulations  governing  property.  Supervisors  are  also 
responsible  for  indoctrinating  their  personnel  in  the 
principles  of  supply  discipline. 

Custodial  responsibility.  Any  individual  who  has 
acquired  possession  of  Government  property  has  custodial 
responsibility  for  it.  Individuals  are  persor^ally  responsible 
for  such  property  if  it  is  issued  for  (heir  official  or  personal 
use,  whether  or  not  they  have  signed  a  receipt  for  it.  They 
are  also  personally  responsible  for  any  property  under  their 
di^ct  control  for  storage,  use,  custody,  or  safeguarding. 

•Tinders,  keepers''  may  apply  in  some  circumstances 
but  not  to  Government  property.  If  you  find  Government 
property  that  may  be  lost,  stolen,  or  abandoned  you  must 
assume  custodial  responsibility  for  it,  and  you  must  protect 
or  care  for  it  until  it  can  be  returned  to  the  proper 
authorities.  Personnel  may  be  relieved  of  responsibility  for 
a  particular  piece  of  property  in  a  number  of  ways, 
depending  upon  the  circumstances.  For  example,  property 
may  be  turned  back  to  base  supply  as  being  excess  to  the 
unit's  needs.  Other  items  may  be  transferred  from  the 
responsibility  of  one  person  or  organization  to  that  of 
another.  Still  other  items  may  be  damaged  or  lost  through 
carelessness  of  the  one  that  has  custody,  in  which  case  the 
person  may  be  held  liable  and  may  have  to  pay  for  them  by 
deductions  from  their  pay. 

Pecuniary  LiabUity.  The  word  ••pecuniary"  means 
money.  Personnel  having  property  responsibility  also  have 
pecuniary  liability  to  make  good  property  loss,  destruction, 
or  damage  due  to  theu"  maladministration  or  negligence. 
Pecuniary  liability  may  be  shared  by  persons  having 
command,  supervisory,  or  custodial  responsibility.  If  a 
person  pays  for  an  item  of  Government  property,  the 
property  remains  the  possession  of  the  Government.  This 
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BASE  CIVIL  ENGINEER  WEEKLY   VORK  SCHEDULE  (  PART  1  ) 

VEEK  ENDING  C 
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12 
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ACT 
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ACT 
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ACT 
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RECURRING  MAINTENANCE 

11 

OPERATIONS  AND  SERVICES 

19 

AF     MAY  71  ,-RCV.OUS  COITION  IS  SCHEDULER  S  COPY 


Figure  2-^.  AF  Form  561 . 
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keeps  the  supply  system  from  becoming  a  source  of  supply 
for  individual  personnel. 

Cash  collection  voucher.  When  pecuniary  liabili  y  is 
admitted,  the  least  troublesome  way  to  settle  a  moncuAiy 
obligation  is  to  pay  in  cash.  DD  Form  1131,  Cash 
Collection  Voucher,  shown  in  figure  2-7,  is  used  for  this 
purpose.  Note  that  the  voucher  shown  is  for  the  month  of 
July-  During  this  period,  two  airmen  admitted  pecuniary 
liability  for  lost  or  damaged  articles  and  agreed  to 
reimburse  tlie  Government  in  cash.  Note  also  that  the 
document  shows  the  complete  description  of  the  items 
involved  and  the  purpose  for  which  collection  was  made. 

Statements  of  charges.  If  airmen  or  civilian  employees 
admit  liability  but  do  not  have  the  money  to  pay  cash  for 
property  damaged  or  lost,  DD  Form  362,  Statement  of 
Charges  for  Government  Property  Lx>st,  Damaged  or 
Destroyed,  is  used,  as  shown  in  figure  2-8.  On  this  figure, 
note  the  four  names  listed  numerically  in  lower  left  portion,' 
They  correspond  to  the  numbered  entries  to  four  columns 
under  * 'quantities"  near  the  top  center  of  the  figure, 
showing  quantities  charged  against  each  individual.  Note 
that  the  Total  Charge  column  shows  a  grand  total  of  $28.39, 
which  represents  the  amount  owed  after  deducting  the 
depreciation  computed  at  25  percent  of  the  total  value  of 
$37.85.  If  an  officer  admits  pecuniary  liability  and  can't 
pay  in  cash,  DD  Form  n4.  Military  Pay  Order,  is  used, 
which  authorizes  deduction  from  such  an  officer's  pay! 
Note  that  when  the  Cash  Collection  Voucher  or  the 
Statement  of  Charges  is  used,  the  amounts  involved  must  be 
less  than  $500.  If  $500  or  more  is  involved,  then  the  Report 
of  Survey  is  used. 

Report  of  Survey.  Whenever  an  individual  will  not  adn  it 
pecuniary  liability  or  when  the  amount  involved  is  $500  or 
more,  a  DD  Form  200,  Report  of  Survey  (as  shown  in  fie 
2-9)  must  be  used. 

Two  officers  are  directly  concerned  in  preparing  a  Report 
of  Survey:  the  appointing  authority  and  the  investigating 
officer.  The  appointing  authority  is  the  commander  or 
another  officer  who  has  jurisdiction  over  the  individual  with 
custodial  responsibility  for  the  property  in  question.  The 
appointing  authority  appoints  a  survey  officer  (the 
investigating  officer)  whose  job  it  is  to  make  a  detailed  and 
impartial  investigation  (survey)  of  the  circumstances 
connected  with  the  loss,  damage,  or  destruction  of  the 
property  described  on  the  Report  of  Survey, 

A  survey  officer  is  not  necessarily  appointed  in  every 
instance.  When  circumstances  do  not  appear  to  warrant 
such  a  step,  the  appointing  authority  may  make  his  own 
recommendations  and  send  the  Report  of  Survey  to  the  base 
commander  for  review  and  approval. 

As  a  result  of  the  findings,  the  person  who  is  i^sponsible 
for  the  custody  ofthe  property  in  question  may  or  may  not 
be  required  to  pay  for  it.  In  the  case  shown  in  figure  2-9, 
SSgt  Gibson  wiU  be  relieved  of  the  responsibility  of  the 
flying  jacket  and  will  not  have  to  repay  the  Air  Force  if  the 
Report  of  Survey  is  approved. 

If  the  authorities  decide  firom  the  evidence  that  the 
responsible  individual  was  negligent  ^  caring  for  the 
property  involved,  then  he  has  to  reimburse  the 
Government  by  paying  in  cash  (the  Cash  Collection 


Voucher)  or  authorizing  a  pay  deduction  (Statement  of 
Charges). 

Exercises  (032): 

1.  Match  the  type  of  responsibility,  liability,  or  title  of 
form  required  for  circumstances  or  concepts  in  column 
A  with  the  property  accountability  and  responsibility 
in  column  B. 


Column  B 

a.  Supervisory  responsibil- 
ity. 

b.  Custodial  responsibility. 

c.  Pecuniary  liability. 

d.  Cash  Collection  Vouch- 


Column  A 

~  (I)  Requirement  make  good  the 
loss  of  properly. 

-  (2)  Loss  of  property  in  excess  of 

$500. 

-  .(3)  DDForm  1 131. 

-  (4)  Admit  liability  and  pay  for 

property  lost. 

-  (5)  Indoctrination  in  supply  pro- 

cedures. 

-  (6)  Detailed  investigation  con- 

cerning loss  of  property. 
_  (7)  Admit  liability  but  do  not 
have  the  money  to  pay  for 
the  loss. 

-  (8)  Can't  pay  cash  or  there  is 

less  than  $500  involved  in 
the  loss. 

.  (9)  Least  troublesome  way  to 

setUe  for  loss. 
.  (10)  Take  care  of  property  you 

find. 

.(11)  Means  *'money.** 
.(12)  DDForm  362. 


033.  Specify  the  criteria  for  equipment  authorization 
and  identify  aspects  of  the  most  common  Authorization 
Documentation. 

Before  you  can  start  to  work  on  a  job,  you  must  have  the 
proper  tools  and  equipment  for  doing  the  job.  llie 
equipment  authorized  for  your  shop  is  based  on  two 
things — the  unit  mission  and  the  number  of  people.  These 
two  are  interrelated.  For  example,  if  performance  of  the 
mission  requires  authorization  for  certain  vehicles  or 
similar  major  items,  then  operator  personnel  must  be 
authorized;  as  personnel  are  authorized,  quantities  of  other 
types  of  equipment  based  on  number  of  personnel  are 
affected. 

Equipment  Authorization.  Bases  obtain  supplies  and 
equipment  and  issue  them  to  units  according  to  an 
authorization  system.  Although  there  are  a  variety  of 
authorization  documents,  the  most  common  one  is  the  table 
of  allowance  (TA).  Such  tables  are  published  to  prescribe 
exact  items  and  quantities  that  each  base  or  unit  may  draw 
(procure)  to  perform  its  mission. 

A  TA  lists  equipment  on  the  basis  of  the  needs  of  average 
Air  Force  units,  since  the  exact  composition  and  mission, 
number  of  aircraft  belonging  to  the  unit,  its  geographic 
location,  and  many  other  factors  vary  from  one  unit  to 
another.  Naturally  these  factors  have  a  bearing  on  the  types 
and  amounts  of  items  that  a  unit  requires. 

The  master  equipment  management  index  (MEMI)  is 
used  in  connection  with  the  TAs.  This  document  is 
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DISBURSINQ  OFFICE  COLLECTION  VOUCHER  NUMBER 


CASH  COLLECTION  VOl*'  'ER 


RECEIVING  OFFICE  COLLECTION  VOUCHER  NUMBER 

355-00246 


o 

ACTIVITY (M«m«  mndlocmtion) 

Department  of  the  Air  For  ^,  BEMO,  Winte 

ir  AFB,  Utah 

RECEIVIN 
OFFICE 

RECEIVED  AND  FORWARDED  BY(PrM**d  rt«m«.       •ntt  tignsluf) 

HENRY  J.   SMITH,  LtCol,  USAF 
Chief,  BEMO 

DATE 

3  July  19 

O 

z  ... 

ACTIVITY  (Nmmm^nd  loemtlon) 

Accounting  and  Finance  Office,  Winter  AFB,  Utah 

OtSiURSi; 
OFFICE 

D18SURSlNa  OFFICER  (Pfittfd  nmmm,  tHIm  mnd  90gn*lurm} 

M.  R.  HERRIN,  Major  USAF 
Accounting  and  Finance  SN  B4436 

DiSaUHdiNQ  STATION  SYMBOL  NUMBER 

G75-0827695 

DATE  RECEIVED  SUBJECT  TO 
COLLECTION 

PERIOD: 


From 


To 


DATE 

RECEIVED 


NAME  OF  REMITTER 
DESCRIPTION  OF  REMITTANCE 


DETAILED  DESCRIPTION  OP 
PURPOSE  FOR  WHICH 
COLLECTIONS  WERE  RECEIVED 


ACCOUNTING 
CLASSIFICATION 


Jack  C.  Hanson 
SSgt,  USAF, 
FR.  421-03-1/25 
(Cash) 


Ivan  Cooper 
SSgt,  USAF, 
FR  321-16-7132 
(Check) 


Each  7110-266-7444 
CASE,  Mail  Distribution, 
portable,  folding  type, 
aluminum  frame,  wood 
top  and  bovtom,  cotton 
duck,  intermediate 
partitions. 
UNIT  PRICE  $12,50 
(Lost  through  neglect) 

Each  7110-132-6648 
BL\CKBOARD,   stand  type, 
reversible ,  double 
face,  black  slate, 
3'  X  3'  with  eraser 
trough 

UNIT  PRICE  $10.50 
(Damaged  beyond  econmi- 
cal  repair  through 
carelessness ) 


$  12,50 


10.50 


USED 


IN  LIEU  OF  REPORT  OF  SljRVEY 
(Support  Equipment) 


APPROVEt):  HENRY  G.   SAMPSON,  Maj|or ,  USAF 
Commander 

370th  Bomb  Squadron  (^) 


Depre 


:iation  is  not  authorized 


TOTAL 


$  23.00 


DD 


XSTiV  113  1 


Ponn  approved  by 
Comptroller  General.  If^. 
24J«auaxy  19S6 


Figure  2-7.  DDForm  1131. 
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ERIC 


STATEMENT  OF  CHARGES  FOR 

■  •V1IUITAHV   RAY  ORCER  NUMBER 

PROPERTY  LOST.  DAMAGED  OR  DESTROYED 


icC0uJ^*«rr  O^f.^ro^  °''  PBOPeRTV   RECORO  OP 


37SO  /fiJi  B/fseG-p 

STATION 


•  TOCK  NO. 


7JLJC-Z2./-0 


ARTICLE! 


3  75  Cory\F^ORT£:H, 

35^  3JLf)-NkBT 
O  t9        Cooerjz  l/l/tTTRESS 


fir 


FOR  MONTH  OF 


QUANTITIES 


/ 


/ 


/ 


TOTA  L 
ARTIC  LES 


3 


UNIT 
PRICE 


TOTAL 


CERTIFICATE  OF  RESPONSIBLE  INDIVIDUALS 
I  certify  that  my  signature  hereon  consititues: 
h    aH  !?ri  °  H*?  '••^•'^•r        •mount  Of  indebtness  by  payroll  deduction. 

b.  An  affirmation  that  the  articles  are  not  now  in  my  possession. 

c.  An  agreement  to  turn  in  to  the  appropriate  supply  officer  all  articles  later  recovered 
Government  retains  title  to  the  articlea  listed  hereon.  recovered. 


GRAND  TOTAL 


it  being  understood  that  the  United  States 


COL 
NO. 


NAME,  GRAOe  ANO  SOCIAL  SKCURITY  NUMBSI 


CAUSE  FOR  CHAROC 


TOTAL  CHARGE 


SIGNATURE  OF  INDIVIDUAL  h  AMOUNT  ACCEPTED 


AMOUNT 
ACCEPTEO 


NAME  r^i^cts  jL..  rtT»£K 

ORACE  T 

'N     /r^  1^37- 'IP -Jiff/}? 


NAME  zTAMBs  /<■  Pe>£ 
"N     Fn37^Si>-  S?£>i,'i 


NAME     FKBD  S 

ORAOE  y^/C 


JLosr  T^r^u 


7.  do 


NAME  C.^CIl. 
<»i«AOC  ^fQ 


NAME 
GRADE 
SSN 


NAME 

GRADE 

SSN 


NAME 

GRADE 

SIN 


GRAND  TOTAL 


ORGANIZATION  COMMANDER 

tements  hereon  are  complete  and  correct,  all  damaged 
pre  aa  been  disposed  of  in  accordance  with  current  direc- 

i'if        K*^^  been  computed  in  accordance  with  the 
of  AR  735-11  (AFM  67*1  for  VSAFf. 


SIGNATURE  \ 

^a.^  ay  cjtJuci^ 


DISBURSING  OFFICER  OR  PAYROLL  CERTIFYING  OFFICER 
h-.I^  •^/I'X*  set  opposite  the  name  of  each  person  listed  hereon  has 
oeen  entered  on  the  appropriate  pay  record  or  payroll,  or  DD  Form  139 
has  been  prepared  and  foi^arded  for  collection. 

DATE 


SIGNATURE 


^  1  URE 

»Ef^Y  VOUCHER  NUMBER/  I  ^ 


3i2 


Figure  2-8.  DD  Fonn  362. 


ERIC 


52  63 


I.  DATE 

A  Nov  82 


REPORT  OF  SURVEY 


SURVEY  NUMBER 


3.  CLASS  OF  PROPERTY 

Air  Force-Individual 


4,   STOCK  RECORD  ACCOUNT  OR  OTHER  PROPERTY  RECORD  AND  STATION 

370th  Bomb  Wg  (M)  ,  Winter  AFB,  Utah  


S.   ACCOUNTABLE  OR  RESPONSIBLE  OFFICER  (Nmmm,  grmdm,  SSN  mnd  dmmlenmtlon) 

LARRY  J.  LEBLANS,  LtCol,  U6AF,   123456A      Chief,  BEMO 


Winter  AFB,  Utah 


0. 

NATIONAL  STOCK  NUMBER 

7, 

DESCRIPTION 

QUANTITY 

UNIT 
PRICE 

TOTAL  COST 

n. 

DISPO- 
SITION 

8415-268-7763 

Jacket,  flying,  man's 

Type  B-15D,  Size  36 

I  ea 

$15.00 

GRAND 

TOTAL 

$15.00 

RECOMMENDED  PECUNIARY  CHARGE  — 

 > 

12.   FOR  uomm 

19*     FOR  DAMAOK 

14.    DATE  AND  CIRCUMSTANCES 

On  18  October  1982,  item  was  Issued  on  AF  Form  538,  Personal  Clothing  and  Equipment 
Record,  to  SSgt  David  V.  Gibson,  FR  017-03-1723.     On  22  October  1982,  SSgt  Gibson 
reported  the  loss  of  subject  item  to  me  and  to  the  Director  of  Security  and  Law 
Enforcement.     He  stated  that  the  item  was  removed  by  a  person  or  persons  unknown  from 
the  coat  rack  in  dining  hall  No.  2  during  the  dinner  meal  pn  22  October  1982. 


See  Exhibits  "A"  and  "B"  attached. 


IS. 

APriDAvrr 

1  «So  aotamnlr  mmmmt  (or  mttirm)  Uiat  (to  th«  boot  of 
my  knowiodgo  m%d  Mlmt)  th«  mrtleloo  of  public 
proporty  ohown  obovo  ond/or  on  ottoelwil  ohooto 
mmro  toot,  dootroyod,  damaKOd,  or  worn  out  In  tho 
monnor  ototod,  wh&to  In  tho  pubtie  oorvleo. 

CKRTXriCATB 

I  eortify  that  tho  looo,  dooiructlon.  domoco,  or 
uuoonrioo ability  of  tho  nrtleloo  of  publie  proporty 
■hown  obovo.  and/or  on  attaehad  onooto,  was 
onuBOd  In  tho  nonnor  ototod  and  without  foult  or 
a^aloet  on  my  part,  ond  that  ooeh  artlelo  llotod 
with  a  vlow  to  ollaUnatlon  DP  dootructlon  hoo  boon 
•xamlnad  by  mo  poraonally,  noo  novor  boon  pro- 
viouoly  condomaod,  and  I*.  In  my  opinion,  worth- 
looo  for  furthof  publle  uoo. 

I**    THIS  SPACE  RESERVED  FOR 
ACTION  BY  AUTHORITY  OF: 

SIONATURC 

SIONATURECAeeowttJiblo  or  Rmmponmlbto  OUIeor) 

NAME,  GRADE,  SSN  AND  ORGANIZATION 

LtCol,  USAF,  123456A 
Chief,  BEMO 
370th  M&S  Group 

NAME,  GRADE,  SSN  AND  ORGANIZATION 

SUBSCRIBED  AND  SWORN  TO  (or  mttlrmod) 

BEFORE  ME  AT  Winter  AFB,  Utah 
THIS  6th  DAY  or  November  is82 

17.  HEADQUARTERS 

STATION 

DATE 

SIGNATURE 

TO 

NAME,  GRADE,  SSN  AND  ORGANIZATION  OR 
TITLE;  ir  NOTARY  PUBLIC,  AFFIX  SEAL 

DAS,  370th  Bomb  Wg  (M) 
Authorized  to  administer 
oaths  &  act  as  a  notary  public 
under  10  USC  Q^fi  and  AFR 

YOU  ARE  AF»POINTED  SURVEYING  OFFICER 
BY  ORDE^  OP 

t9.    PROPERTY  VOUCHER  NUMBER 

OIONATUNC  or  ADJUTAMT/CXCCUTIVC  OmCCN  »  OATC 

DD    1  OEC*?*     200  PREVIOUS  EDITION  WILL  BE  USED. 


Figure  2-9.  DD  Form  200. 
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published  as  TA-OOl ,  which  provides  a  consolidated  listing 
of  equipment  items  in  accordance  with  the  latest  stocklists. 
The  Items  are  cross-referenced  to  table  of  allowance 
numbers  for  the  particular  equipment  items  prescribed. 
AFR  0-10  also  lists  all  TAs  and  a  brief  description  of  what 
is  in  each. 

The  procedure  followed  in  using  TAs  with  the  MEMI  is 
as  follows:  Suppose  you  wish  to  find  out  what  type  of 
equipment  your  shop  is  authorized.*  First,  look  up  the  item 
by  name  (for  example,  trucks)  in  the  latest  USAF  Stocklist 
This  will  give  you  the  class  number  in  the  descriptive 
portion,  which  will  enable  you  to  choose  the  truck  that  is 
best  for  your  use.  At  this  point,  you  will  find  the  complete 
stocklist  number  and  the  correct  nomenclature  (description) 
for  the  truck  you  want. 

Take  the  stocklist  number  and  look  it  up  in  the  MEMI, 
that  lists  the  stock  numbers  in  numerical  order.  This  will 
refer  you  to  the  correct  TA  numbers.  Check  the  TA  to 
which  you  have  been  referred  by  the  MEMI  and  it  will  tell 
you  how  many  trucks  your  unit  is  authorized.  The  TA  takes 
into  consideration  not  only  the  kind  of  unit  to  be  equipped 
but  also  the  total  manpower  employed. 

When  your  shop  was  set  up,  a  supply/equipment 
authonzation  document  was  drawn  up.  This  document  will 
list  the  TAs  you  will  go  by  to  get  supplies  and  assign  your 
shop  a  supply  code.  Some  of  the  TAs  you  will  use  in  the 
interior  electric  shop  are  as  follows: 

.m/l:^^,T'^"^^'  Master  Equipment  Management  Index 
(MEMI). 

b.  TA-006,     Organizational     and  Administrative 
Equipment. 

c.  TA-008,  Civil  Engineer  Equipment. 

d.  TA-010,  Vehicles. 

€.   TA-016,  Special  Purpose  Clothing  and  Personal 
Equipment. 

/.   TA~468,  Civil  Engineering  Electrical,  Instruments 
and   control   Shop,   Line   Construction,  Maintenance 
Appliance  Shop,  Family  Housing  Repair  Equipment,  and 
Energy  Monitoring  Control  System. 

Refer  to  the  preface  of  each  TA  to  find  out  what  column 
your  shop  will  be  listed  in.  Just  because  an  item  is  listed  in 
the  TA  for  your  shop  does  not  mean  you  can  get  it. 

You  will  be  required  to  fill  out  a  601b,  Custodian 
Request/  Receipt,  and  get  it  approved  by  your  commander. 
Details  on  how  to  use  the  601b  will  be  covered  in  the  next 
objective.  It  is  your  responsibility  to  order  supplies  on  the 
basis  or  NEED  and  not  NICE  TO  HAVE. 

Exercises  (033): 


3.  What  is  the  TA  based  on? 


1. 


What  is  the  criteria  for  equioment  authorization? 


2.  What  is  the  equipment  authorization  document  most 
commonly  used  in  the  Air  Force? 


In  what  TA  wold  you  find  equipment  authorization? 


034,  State  the  purpose  of  AF  Form  601b  and  prescribe 
your  responsibilities  as  equipment  custodian. 

You  will  have  the  responsibility  for  the  supplies  and 
equipment  used  in  your  shop.  This  will  range  from  the 
pencils  and  paper  on  your  office  desk  to  the  DIN  truck  and 
all  the  tools  and  equipment  stored  in  it.  In  order  for  you  to 
effectively  manage  the  resources  you  use,  you  will  need  to 
know  the  background  and  procedures  ^sui  to  control  and 
document  the  supplies  you  use. 

Equipment  RequisiUoning.  Equipment  authorization  is 
based  on  a  record  of  nonexpendable  equipment  that  is 
accounted  for  by  the  chief  of  supply.  You  may  be  in  charge 
of  your  shop's  equipment  account.  If  you  are,  you  will  be 
noUfied  by  letter  and  required  to  go  to  the  equipment 
custodian  school.  This  school,  along  with  infoimation 
found  in  the  67  series  of  Air  Force  standard  publications, 
will  help  you  understand  the  supply  system  used  in  the  Air 
Force.  The  people  in  the  BCE  material  control  section  will 
also  be  there  to  help  you. 

If  you  are  the  supply  custodian,  you  will  be  directly 
responsible  for  the  equipment  issued  to  your  account.  You 
will  inventory  your  account  periodically  to  make  sure  that 
all  items  are  on  hand  and  serviceable.  Fill  out  and  send  AF 
Form  601b  Custodian  Request/Receipt  to  supply  for  any 
changes  you  make  to  your  account.  Be  sure  to  record  your 
request  on  AF  Form  126,  Custodian  Request  Log.  You  will 
also  need  to  insure  that  items  that  need  inspection,  repair, 
calibration,  adjustment,  or  other  work  are  taken  care  of 
through  the  appropriate  agencies. 

In  the  event  of  change  of  custodian,  the  old  and  new 
custodians  go  to  supply  to  transfer  the  custody  receipt 
account.  The  new  custodian  will  then  go  to  the  equipment 
custodian  school  before  taking  over  the  account.  Both 
custodians  (old  and  new)  make  sure  that  all  discrepancies 
are  cleared  up  before  the  account  is  transferred. 

Use  AF  Form  601b  to  ask  for  allowance  and 
authorization  changes,  ordering  new  equipment,  tum-ins, 
or  updating  equipment.  Figure  2-10  shows  an  example  ot  a 
filled  out  601b.  Information  on  the  procedures  to  fill  out 
60 lbs  and  how  to  maintain  your  files  are  found  in  Chapter  8 
of  AFR  67-23,  Standard  Base  Supply  Customer's  Guide. 

Individual  Clothing  and  Equipment.  Individual 
clothing  and  equipment  are  obtained  from  the  Individual 
Equipment  Unit  (lEU).  TA-016  is  the  main  source.  The 
basis  of  issue  is  listed  in  TA-016  for  a  specific  AFSC  or 
job.  In  most  cases,  the  basis  is  variable  depending  on  local 
factors  such  as  geographical  location  and  types  of  job 
specialUes  or  systems  supported.  Individual  equipment 
items  and  toolkits  are  controlled  through  the  equipment 
management  office  (EMO)  tool  issue  center. 
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1,  N*mE  Of  CUilODIAN'WNt  NUMlEB-OBGANIZAIION/CUSIUaiAN  CODE 

J,  UtMO/tMO  CONiROL  NO. 

4.  AF  FORM  60IACON1ROI  NO. 

John  B.  Smith  ex  3855  2063N 

IN  4081-1 

S.SlOCKNaANO/ORPARlNO. 

6625-01-083-5979 


ACTION  REIJUESTEO 


33.  AUfHORIZAllON 

Q  INCREASE  (3aOO 
[]  REDUCE        []  DELETE 


24.  ISSUE/ DUE  OUl     n  ADVICE 
U  CODE 

[x]  INITIAL  ISSUE  Do/^o^'' 
[]rEPUCEMENT  ISSUE 


25.  lURN-IN  j-j 
CONDITION 
[]  SERVICEABLE 

[]  REPARABLE 

[]  CONDEMNED 

D UNKNOWN 
STATUS 

[]  COMPLETE    [] INCOMPLETE^ 


REQUIRED  NOU 


DAIUVAIIABIEF0RPICK4JP 


in  Block  22 


)5    16    17    19         20    21    22    23    24    25    26    27    28    29    30    31    32  33 


6.  IN.USEDEIAI100C 
NO. 


17.  BUDGE! 
CODE 


16,  ERRC 


AlLOWANCEIOENl. 


6292B00 


8,  PRESENI 
QNIYAUIH, 


9.  ONiy,  IN  USE 
INCLUDE  mi 


lO.ONlY.REQ'O, 
NEWAUIH. 


19.  HEM  DESCRIPTION 


II.ONtY.RE. 
QUESIED 


12,  UNII 
Of  ISSUE 


ea 


13.  UNIICOSl 


$^00.00 


Vibroground  w/Acc  Case 


2URANSACIIONSEI^IAINO. 


One  per  organization  authorized  to  perform  routine  maintenance  in 
accordance  with  AFR  H-XX  and  TO  XH-XXX-X,  This  item  is  necessary 
for  calibration  of  Cathodic  Protection  Systems  in  service. 


28, 8EM0/  EMO  COMMENIS  ANO/  OK  01KER  R£Y)EW||^G  ACIIYIIY  COMVENfS 


14.  UND 


c 


15.  F,^D 


16.  USE 
CODE 


26,  I  certify  that  I  hive  «vilu« 
ated  this  requcit  ind  tht  ictloo 
requttttd  hereto  It  required 


SIGNAIURE  OF  ORGN.  COMDR, 

MM 


27{AC1I0N  lAKEN  BY  EMO/BEMO 


APPROVED  AS  n 
REQUITED  LJ 


APPROVED  AS 
INDICATED 


□ 


DISAPPROVED  n 

ADDITIONAL 
INFORMATION 
REQUIRED 
(SttbM  22) 


n 


SIGNATURE/ BEMO/EMO/EAA 


RECEIPI  OF  PROPERTY  A«NOWl£OCE 


CUSTODlim  REQUEST/RECEIPT 


Figure  2-10,  AFFonnMlb. 
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Exercises  (035): 

1.  Who   accounts   for   nonexpendable   equipment  as 
recorded  in  base  supply? 


2.  Why  do  you  inventory  your  account  periodically? 


3.  What  is  AF  Form  126,  Custodian  Request  Log  used 
for? 


\F  Form  1445  with  you  and  compare  the  materials  you  are 
picking  up  against  the  items  on  the  form.  Check  the 
nomenclature  to  be  sure  that  the  item  you  are  to  pick  up  is 
the  same  as  the  one  described  on  the  fonn.  Also,  check  the 
unit  of  issue  to  make  sure  that  they  agree  with  what  you  are 
picking  up.  If  these  items  do  not  agree,  don't  sign  for  any 
of  the  items.  Report  any  discrepancies  to  material  control. 

Exercises  (035): 

1.  What  BCE  section  controls  the  materials  you  will 
receive  in  your  shop? 


4.  What  must  be  done  before  a  new  custodian  takes  over 
an  equipment  account? 


5.  What  is  AF  Form  601  b  used  for? 


Where  must  you  route  an  AF  Form  1445  before  it  goes 
to  Material  Con  j1? 


Why  should  you  take  your  copy  of  AF  Form  1445  with 
you  when  picking  up  materials? 


6.  What  TA  is  the  main  source  for  individual  clothing  and 
equipment  allowance? 


035.  State  the  procedures  used  to  order  materials  for 
BCE  job  orders  and  service  calls  and  name  the  section 
you  must  go  through  for  approval. 

Material  Control  Support.  The  material  control  section 
processes  request  for  materials,  monitors  the  status  of 
requirements,  and  gives  information  on  the  availability  of 
material.  This  section  controls  all  material  needs  in  the 
BCE  organization  except  janitorial  and  administrative 
supplies. 

This  unit  follows  procedures  set  up  by  AFM  67-1 ,  USAF 
Supply  Manual,  Volume  II.  Part  2.  Chapter  19.  A  BCE 
central  tool  control  center  is  used  to  provide  all  shop  tools, 
tool  kits,  and  so  forth.  Material  control  manages  a 
centralized  bench  stock  at  some  bases. 

Materials  are  requisitioned  by  the  planning  section  of 
BCE,  the  service  call  desk  for  job  orders,  and  by  you  or  the 
people  in  your  shop.  You  will  complete  an  AF  Form  1445. 
Materials  and  Equipment  List,  as  shown  in  figure  2-11. 
The  form  is  routed  through  the  service  call  desk  and 
controller.  They  wUl  enter  the  job  order  on  it  and  send  it  to 
material  control.  When  the  materials  are  received,  the  job 
can  be  finished. 

AF  Fonn  1445  is  used  for  all  material  requests  except  for 
Base  Service  items,  individual  equipment  and  tool  issue 
items,  EAID  items,  and  bench  stock  replenishment.  When 
you  pick  up  materials  from  the  BCE  holding  area,  take  the 


036.  Specify  the  procedures  that  pe:  un  to  the 
establishment  of  bench  stock. 

Bench  Stocks.  A  bench  stock  of  common 
nonrecoverable  hardware  items,  such  as  nuts,  bolts,  and 
screws,  must  be  established  in  each  shop.  Bench  stock  is 
made  up  of  low  cost,  expendable  items  which,  due  to 
regular  use,  are  put  at  the  point  of  use  before  actual  use  or 
need.  The  main  advantage  to  this  system  is  that  the  items 
are  available  to  the  user  at  once.  Failure  to  maintain 
adequate  bench  stock  items  and  levels  can  disrupt  your 
work  schedule  just  as  much  as  nonavailability  of  workers. 
Although  not  repairable  themselves,  bench  stock  items  are 
needed  to  repair  other  items.  The  on-hand  quantity  of  bench 
stock  items  does  not  normally  exceed  a  30-day  issue 
requirement,  except  where  the  unit  of  issue  is  package,  kit, 
etc.  When  it  is  considered  feasible,  the  package  or  kit  is 
issued  as  bench  stock. 

EstMishing  bench  stock.  WTien  a  bench  stock  is 
authorized,  a  list  of  the  required  items  and  quantities  is 
submitted  to  Material  Control.  Material  Control  and  the 
base  supply  bench  stock  unit  then  review  the  list  to 
determine  if  demands  justify  the  items  and  quantities 
requested. 

Each  bench  stock  item  is  assigned  a  4-digit  serial  number 
by  the  bench  stock  support  unit.  This  number  serves  as  the 
bench  stock  and  bin  location  identifier  and  is  part  of  the  14- 
digit  document  number  for  all  supply  transactions.  Each 
item  retains  this  item  serial  number  until  it  is  deleted  from 
bench  stock,  even  though  the  stock  number  may  change. 
ITie  document  number  contains  the  following  data:  the  first 
digit,  bench  stock  code  (always  B);  the  next  three  digits,  the 
organizational  code;  the  next  two  digits,  the  shop  code;  the 
next  four  digits,  the  date  of  the  last  demand;  and  the  last 
four  digits,  the  item  serial  number. 
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AF  FORM  UIB,  MAW  II,  FHIVIOUI  lOlTlON  WILL  IE  USED, 


TRANSACTION  j     I  | 
IOINT|F|CA-^l  /  I  r  I  ij 


STOCK  NUMBER 


0 


fM 


/mi 


DFLiVtRY  I  I  I 
DtniNV     I      I  I 

^1      I  I 


TION 


MATERIALS  AND  EQUIPMENT  LIST 


flOMENCLATURE 


UNIT 
OF 

ISSUE 

(!) 


QUANTITY 

® 


UNIT 
COST 


TOTAL 
COST 


TRANS, 
SERIAL 
NUMBER 


1 


MANO 
CODE 


IN 
ISTOCK 


VESNO 


DATE 
EXPECTED 


REC. 
BY 
BCE 


EXCtSS 
MATERIALS 


QUAN,  DISCOS, 


ACTlvT^ 
€0010^ 


diuviryT 

PRIOR 


0R6ANI-I  ] 


in 


IHOFTITLI 

¥7/ 


RfOUlRQ) 
DCUVtRY 
DATI 


RCCIIVED  lY 


wyl  IJdatimatj.  I  I  I  J   workI J  J    T;;,  JtraniacttonI 

MONTH  cAi  I  AUi  im  isavi  ^ai^ 


MATERIAL 
CONDI- 
TION iQ 


PLANNEff 


FORCE 
ACTIVITY^ 
DEtIG,  ^ 


SYSTEM  I 
DEIIGfiA'j 


TOR 


PACE 


X 
i  OF 
iLmES 


I 


 POLLOW-UP  DATA  FOR  BACK  ORDERED  MATERIAL  

'  I M'  I  *  I '  M  I'  I  •  I » l"l"l'«|"|"|'«|tf>l"l'»l«»l«'l"l"l"|"|"|»|"|»|»|'> 


CODE 


T7 
I  I 


HOLDING 
AREA  BIN 
LOCATION 


WORK,  ORDER  NO, 


Figure  2-1 1,  AF  Form  1445, 
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Exercises  (036): 

Complete  the  following  statements  establishing  bench  stock 
by  filling  in  the  blanks  with  the  appropriate  word  or  words, 
response.  May  require  more  than  one  word. 


1. 


Nonrecoverable  hardware  items  that  are  stored  in  the 
local  work  area  so  that  they  are  available  for 
immediate    use    are   referred   to  as 


2.  The  bench  stock  level  does  not  normally  exceed  a 
,   requirement. 

3.  When  a  bench  stock  is  established,  a  list  of  items  and 
quantities  is  submitted  tu  

4.  The  first  digit  of  the  14-digit  document  number 
pertains  to  the  


037,  Associate  duties  related  to  bench  stocit  with  the 
units  responsible  for  doing  them. 

Bench  Stocit  ResponsibUities.  If  your  bench  stock  is  set 
up  in  your  shop,  there  arc  several  responsibilities  that  you 
may  have.  Some  of  your  shop  or  section  responsibilities  are 
to: 

a.  Document  issues  from  bench  stock. 

b.  Prepare  and  take  care  of  any  shadow  boards. 

c.  Provide  adequate  storage  facilities,  including  bins  for 
the  bench  stock. 

d.  Take  care  of  and  safeguard  bench  stock.  Set  up  local 
controls  to  secure  sensitive  items. 

e.  Flag  bench  stock  items  with  a  red  indicator  if  the  bin 
has  50  percent  or  less  of  the  authorized  quantity. 

The  Bench  Stock  Support  Unit  is  responsible  for: 

a.  Conducting  a  weekly  walk-through  of  each  bench 
stock.  Flagged  items  are  checked  and  replenishment  action 
must  be  taken  if  an  item  is  out  or  is  expected  to  be  out  of 
stock  before  the  scheduled  date  of  the  next  inventory. 

b.  Conducting  monthly  inventories  of  all  bench  stock 
and  refilling  all  bins  that  are  less  than  50  percent  of  the 
authorfzed  level. 

c.  Delivering  and  binning  material  for  all  on-base  bench 
stock. 

d.  Labeling  all  bins. 

e.  Turning  in  all  excess  and  deleted  stocks. 

/  Installing,  updating,  and  maintaining  a  placard  in  a 
noticeable  place  in  the  bench  stock  area  with  the  following 
headings: 

(1)  Organization  and  shop  code. 

(2)  Date  of  last  inventory. 

(3)  Date  of  next  inventory. 

(4)  Date  of  last  walk-through. 

(5)  Telephone  number  of  the  office  to  get  in  touch  with  to 
solve  bench  stock  problems. 

NOTE:  If  an  item  becomes  out  of  stock  between  the 
weekly  walk-throughs  and  no  due-out  or  kill  document  is  in 


the  bin,  then  you  may  ask  the  Bench  Stock  Support  Unit  for 
replenishment  at  once.  You  should  check  with  the  chief  of 
supply  to  find  out  how  to  fill  out  urgent  bench  stock  needs. 

Exercises  (037): 

1.  Match  the  duties  in  columm  A  with  the  correct  unit 
from  column  B. 


Column  A 


Items 


-(2) 
-(3) 


Column  B 

Your  shop  or  the  sup- 
ported activity. 

The  Bench  Stock  Sup- 
port Unit. 


.(6) 


(7) 


Flags  bench  stock 
with  a  red  indicator. 
Document    issues  from 
bench  stock. 
Labels  all  bins. 

(4)  Safeguards  bench  stock. 

(5)  Delivers  material  for  on- 
base  bench  stocks. 
Conducts  a  weekly  walk- 
though   of  each  bench 
stock. 

Prepares  and  takes  care  of 
any  shadow  boards. 


038.  Identify  equipment  and  supply  condition  tags  with 
the  conditions  they  signal. 

Condition  Tags.  These  forms,  which  are  actually 
colored  cardboard  tags,  arc  attached  to  pieces  of  equipment 
and  material  to  be  turned  in  denoting  the  condition  of  each 
item.  A  yellow,  DD  Form  1574,  Serviceable  Tag — 
Materiel,  as  shown  in  figure  2-12,  is  attached  to  serviceable 
equipment.  A  green,  DD  Form  1577-2,  Unserviceable 
(Reparable)  Tag — ^Materiel,  as  shown  in  figure  2-13,  is 
attached  to  equipment  that  is  inoperative.  A  red,  DD  Form 
1577,  Unserviceable  (Condemned)  Tag — Material,  as 
shown  in  figure  2-14,  is  attached  to  material  that  is  not 
worthy  of  repair.  If  you  have  colored  pencils  available,  you 
may  want  to  color  the  tags  in  your  CDC. 

Exercises  (038): 

1.  Which  color  condition  tag  would  you  find  on  a 
serviceable  item? 


2.  A  piece  of  equipment  has  a  green  tag  on  it.  What  is  its 
condition? 


039.  State  the  purpose  of  AF  Form  1801  and  prescribe 
the  procedures  regarding  their  completion. 

Issue  and  Turn-In  Slips.  There  are  a  number  of  supply 
forms  that  pertain  to  the  requisitioning  of  an  item.  One  you 
may  use  from  time  to  time  is  AF  Form  1801,  Request  for 
Issue  or  Turn-In.  It  is  used  for  expendable-type  items  that 
you  may  need  for  shop  use  and  not  on  a  work  or  job  order. 
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I 

I 


ii 
I? 


m 

»4ls 


rsN.  PART  NO.  AMD  ITKM  DBSCRIPTION 


SERVICEABLE  TAG -MATERIEL 


CONTRACT  OR  PURCNASK 
OROKR  NO. 


'EL 


QUANTITY 

/ 


NKXTINSPKCTION  DMB|OVKR< 
AQK  DATK 


CONDITION 
CODKyd/ 


INSPKCTION  ACTIVITY 


IKS 


I 


RKPUACKS  AF  FORM  OOB.  WHICH  MAY  BC  USKD  IN  THK  U8AF. 


BEC  -1S74 


Figure  2-12.  DD  Form  1574, 


o 


»8S 

^}  *4  7 

I 'I 

hi 


FSN.  PART  NO.  AND  ITEM  DESCRIPTION 


5/20 -00-Z.93'C>(o35 


SERIAL  NO./ LOT  NO 


CONTRACT  OR  PURCHASE 
ORDER  NO. 


UNIT  OF 
ISSUE 


/ 


UNSERVICEABIE  (REPARABLE) 
TAG-MATERIEL 


INSPECTION  ACTIVITY 
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REPAIR  CYCLE  DATA 
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Figure  2-13.  DD  Form  1577-2. 
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FSN,  PART  NO.  ANP  TEM  DESCRIPTION 

SUO  C  J  Z33  6635 
Pipe  TArecuc/^n 


SERIAL  NUMBER/LOT  NUMBER 


UNIT  OF  ISSUE 


REMARKS 


QUANTITY 


UNSERVICEABLE  (CONDEMNED  TAG- 
 MATERIEL 


INSPECTION  ACTIVITY 


CONDITION 

CODE  pr 


REASON  OR  AUTHORITY  ^ 


INSPECTOR  S  NAME  OR  STAMP  AND  DATE 


REPLACES  AF  FORM  50E,  WHICH  MAY  BE  USED  IN  THE  USAF 


BEC-I^Vf 


Figure  2-14.  DD  Form  1577. 


Figure  2-15  3hows  a  completed  AF  Form  1801  requesting 
issue  for  six  5/8  auger  bits  and  six  leather  work  gloves. 
Note  the  issue  block  at  the  top  of  the  page  is  filled  in  with  an 
I.  Now  look  at  the  bottom  of  the  fonn  and  notice  under 
issue  that  means  it  is  an  initial  issue.  Always  place  a 
justification  for  the  items  after  listing  the  last  item.  Local 
policies  will  determine  the  procedures  for  processing  this 
form. 

Exercises  (039): 

1 .  What  is  AF  Form  1 801  used  for? 

2.  What  would  be  the  meaninR  of  an  R  in  the  issue  block 
at  the  top  of  the  page? 


3.  What  always  follows  the  last  item  on  the  form? 


the  necessary  information  on  the  form.  When  equipment  is 
turned  back  in,  return  the  form  to  the  individual. 

Exercises  (040): 
1 .  For  what  purpose  is  the  AF  Form  1 297  used? 


2.  Normally,  how  long  is  the  AF  Form  1297  used  for 
items  on  a  temporary  basis? 


3.  What  happens  to  the  form  when  the  equipment  is 
turned  in? 


040.  State  the  correct  use  of  AF  Form  1297,  Temporary 
Issue  Receipt. 

Temporary  Issue  Receipt.  Figure  2-16  shows  a 
completed  AF  Form  1297,  Temporary  Issue  Receipt,  for 
items  issued  on  a  temporary  basis  (normally,  24  hours). 
Once  it  is  filled  out,  however,  this  receipt  can  remain  in 
force  until  you  return  it  to  the  one  who  is  taking  temporary 
custody.  When  you  sign  something  out,  be  sure  you  get  all 


041.  Specify  responsibilities  and  reference  for  reporting 
material  deficiencies. 


Materiel  Deficiency  Reporting.  As  a  general  rule,  you 
should  not  experience  any  great  difficulty  in  using  materials 
or  equipment  purchased  by  the  Air  Force.  Such  items  must 
meet  or  exceed  Federal  specifications  to  be  acceptable  for 
use  by  the  Air  Force.  Of  course,  you  must  use  equipment  or 
matenals  for  the  purpose  for  which  they  were  intended. 
You  must  also  use  them  according  to  instructions  or 
directions  which  apply  specifically  to  the  item. 
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S.  DOCUMENT  NUMBER 


t.  FROM: 


6.  DATE  MATERIAL  REQUIRED 
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^-  END 
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A.  NAME  AND  MANUFACTURER 
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C.  SERIAL  NUMBER 
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1. 


// 
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OF  MATERIAL  AND  OR  SERVICES 


xxxx-xx-xxx-xxxx , 

5/8  auger  bits  lea 
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/////////////////////////////////  Lisd 
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6 
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Vlllllllh 
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lllllllllll 
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SHEET  TOTAL 
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AF 
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1801 
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Figure  2-15.  AFForm  1801. 
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'»«ttO«™«» NAME,  CIAOE  ANB OlOANIZATION 


STOCK  NO. 


OW.  ACCl,  NO. 


^/i  inc/i  ComiT  BmER 


UNIT 


DATE  ITtM(5)T0  IE  RETURNED 


QUANTITY 


£/7 


cost 


%l)0 


SIGNATUU 


AF  STo  1297  fWttitioNswiiKusB) 


issutoir 


TEMPORARY  ISSUE  RECSPT 


Figure2-I6,AF  Form  1297, 
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If  you  do  find  equipment  or  materials  that  are 
substandard  or  defective,  it  is  your  responsibility  to  submit 
a  materiel  deficiency  report.  Refer  to  TO  0O-35E>-54, 
USAF  Materiel  Deficiency  Reporting  System,  and  AFR 
66-30,  Product  Improvement  Program  for  Operational 
Equipment,  for  guidelines  to  help  you  complete  the  report. 

All  personnel  are  responsible  for  submitting  reports  on 
substandard  or  defective  materials  and  equipment.  Such 
reports  will  improve  the  quality  of  materials  and  equipment 
used  by  USAF  organizations. 


Exercises  (041): 

1.  Who    is    responsible    for    submitting    a  materiel 
deficiency  report  on  an  unsatisfactory  item? 


2.  What  references  can  be  used  for  reporting  materiel 
deficiencies? 
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CHAPTER  3 


Supervision  and  Training 


YOUR  SPECIALTY  description  tells  you  that  one  of  your 
responsibilities  is  to  supervise  electrician  personnel  If  you 
examine  that  description,  you  are  sure  to  get  at  least  one 
impression— that  you  need  to  know  more  than  just  how  to 
install  and  maintain  electrical  systems.  You  need  to  know 
how  to  get  along  with  people  and  how  to  keep  them 
working  effectively.  You  also  need  to  know  your  job  well 
and  how  to  train  the  people  who  work  for  you  to  do  a  better 
job.  That  IS  what  this  chapter  is  all  about,  supervision  and 
training. 

3-1.  Supervision 

A  prominent  writer  on  management  topics  once  wrote 
that:  Supervision  =  job  proficiency  +  leadership  + 
management  But  formulas  are  ordinarily  summarizing 
devices  and  often  oversimplify  In  addition  to  the  three 
traits,  job  proficiency,  leadership,  and  management  a 
supervisor  must  be  able  to  orient  newly  assigned  personnel, 
establish  priorities,  schedule  and  taake  work  assignments 
and  rate  personnel.  You  can  see  from  this  list  that  a 
supervisor  must  be  a  person  of  "many  hats."  Supervisors 
must  be  able  to  change  from  one  role  to  another  at  a 
moment's  notice.  Let's  review  some  of  the  traits  that  a 
supervisor  must  possess  and  some  of  the  jobs  that  they  must 
perform. 

042.  For  given  situations,  indicate  how  you  could  fulfill 
your  responsibility  for  the  mission. 

ResponsibiUty  for  the  Mission.  You  are  responsible  for 
many  things  but  your  primary  responsibility  is  the  mission. 
Your  duty  to  your  unit  and  to  your  personnel  are  secondary 
only  to  the  mission.  There  will  be  times  when  the  people 
who  work  for  you  will  want  to  be  absent  from  duty  for 
vanous  reasons.  They  will  feel  hurt  if  you  do  not  let  them 
go,  but  you  must  disregard  the  needs  and  feelings  of  your 
personnel  in  order  to  meet  the  needs  of  the  mission.  At  such 
Umes,  the  esteem  your  people  hold  for  you  will  suffer 
unless  they  have  been  thoroughly  briefed  with 
responsibility  for  the  mission.  You  should  impress  this  fact 
upon  them  through  talks,  discussions,  training,  and 
personal  example.  In  spite  of  such  orientations,  not  all  of 
your  personnel  will  support  you  in  these  demands.  There 
are  always  some  who  place  personal  desires  before  duty 
however,  they  will  eventually  fall  in  line  and  follow  the 
majority  if  you  are  firm  and  stand  by  the  first  obiective  of 
your  job— THE  MISSION  IS  PRIMARY. 

Responsibility  to  your  superiors  is  another  objective  that 
you  must  realize.  If  you  fail  to  support  your  superiors,  you 
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jeopardize  your  own  efforts.  Whenever  you  criticize  your 
supcnors  and  Uieir  methods,  you,  in  t'im,  invite  criticism 
by  your  personnel.  They  wili  simply  be  following  your 
example.  To  avoid  this,  you  should  carry  out  the  direcUves 
of  your  supervisor  as  if  ttiey  were  your  own.  A  good  leader 
must  be  a  good  follower.  Should  you  disagree  with  a 
directive,  present  your  point  of  view  to  your  supervisor.  If 
the  directive  still  stands,  carry  it  out  to  the  best  of  your 
ability  without  excuse,  alibi,  or  any  attempt  to  pass  the 
buck.  When  you  can  do  this,  it  is  an  indication  of  maturity. 
It  IS  also  an  indication  that  you  are  ready  for  even  greater 
responsibilities. 

At  times,  you  may  be  directed  to  do  something  contrary 
to  directives  from  higher  headquarters.  When  this  happens 
do  not  hesitate  to  bring  it  to  the  attention  of  your  supervisor. 
If  you  are  still  directed  to  cany  out  the  original  order,  do  so 
without  reluctance.  In  such  a  situation,  your  supervisor 
assumes  full  responsibility  for  this  action.  You  must 
understand  that  he  or  she  is  nearer  to  the  top  and  knows 
more  than  you  do  about  the  overall  mission.  Responsibility 
to  the  mission  is  your  first  consideration,  regardless  of  how 
disagreeable  the  order  may  seem.  This  does  not  mean  that 
you  can  be  directed  to  falsify  official  documents.  To  do  so 
would  compromise  your  in^iegrity— your  truthfulness  To 
do  so  IS  not  only  unlawful  but  also  degrading.  John  D 
Ryan,  General,  USAF,  when  Chief  of  Staff  said,  'Talse 
reporting  is  a  clear  example  of  a  failure  of  integrity.  Any 
order  to  compromise  integrity  is  not  a  lawful  onier  " 

Shop  Supervisor  ResponslbUitles.  The  duUes  and 
responsibilities  of  the  interior  electric  shop  supervisor  are 
listed  below.  They  do  not  include  all  responsibiliUes  but 
should  give  you  an  idea  of  the  areas  that  you  must  be 
concerned  with  if  you  are  in  charge  of  your  shop. 

a.  Supervises  and  directs  shop  activities  to  maximize 
production.  Assigns  work  to  workers. 

b.  Ensures  compliance  with  the  work  schedule. 

c.  Helps  the  superintendent  set  standards  of  maintenance 
to  include  developing  the  recurring  maintenance  program. 

c.  Makes  sure  workers  have  tools  and  shop  equipment 
necessary  to  do  their  work. 

e.  Identifies  requirements  for  operating  supplies  and 
special  levels  to  material  control. 

/.  Reviews  the  bench  stock  list  and  advises  material 
control  of  problems. 

g.  Enforces  supply  discipline  by  seeing  that  only 
authorized  material  and  spare  parts  are  on  hand. 

A.  Advises  material  control  of  excess,  repairable,  or 
condemned  equipment,  materials,  spare  parts,  and  tools. 

<.  Trains  and  provides  operating  instructions  to  users  of 
equipment  and  appliances. 
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j.  Helps  the  planners  estimate  work  orders  and  job 
orders. 

k.  Makes  sure  required  records  and  reports  are  accurate, 
legible,  complete,  and  submitted  on  time. 

/.  Reviews  workload  to  determine  capability  to  do  all 
scheduled  work  orders  and  job  orders.  Reviews  should  be 
done  before  the  weekly  scheduling  meeting. 

m.  Exercises  direct  supervision  over  all  assigned  militarj' 
and  civilian  personnel. 

n.  Maintains  control  of  workers  through  the  controller. 

o.  Makes  final  inspections  to  complete  work. 

p.  Identifies  training  needs  and  provides  the  on-the-job 
training  to  assigned  workers. 

q.  Makes  sure  workers  provide  an  AF  Form  1255, 
Quality  Control  Evaluation,  to  customers  on  arrival  at  the 
job  site. 

r.  Makes  periodic  job  site  checks. 

Exercises  (042): 

1.  You  are  the  supervisor.  The  rewiring  of  a  facility  for  a 
new  flight  simulator  must  be  completed  within  2 
weeks.  You  are  slightly  behind  schedule.  Airman 
Jones  and  Airman  Smith  want  3  days  off  to  go 
camping, 
a.  What  is  your  first  consideration? 


b.  How  would  you  handle  Airman  Jones  and  Airman 
Smith? 


043.  Define  job  proflciency  and  state  the  importance  of 
job  proficiency  as  it  relates  to  you  job  as  a  supervisor. 

Job  Proficiency,  In  order  to  get  out  the  work,  you  must 
be  able  to  do  your  job  well  as  a  supervisor.  If  you  were  to 
make  a  list  of  the  qualities  of  a  good  supervisor,  you 
certainly  would  have  to  place  job  proficiency  somewhere 
near  the  top  of  the  list.  You  must  know  electrical  work  or 
you  will  not  know  if  your  workers  are  doing  their  jobs 
correctly  or  not.  A  big  part  of  your  job  is  training  your 
workers  on  the  job.  How  can  you  train  others  if  you  don't 
know  how  to  do  the  job  yourself?  For  example,  onv^  task  in 
your  career  field  is  to  install  power  panels.  There  is  a 
correct  way  to  do  this  task.  There  is  also  a  dangerous  way  to 
do  it.  You  must  know  the  difference. 

The  best  electrical  worker  does  not  always  make  the  best 
supervisor  because  there  are  a  lot  of  other  qualities  to  being 
a  good  supeivisor.  However,  to  be  respected  by  the  people 
who  work  foj  you,  you  must  be  proficient  in  542X0  skills. 

Exercises  (043): 
1 .  What  is  job  proficiency  as  it  relates  to  this  course? 


2.  What  would  be  two  likely  results  'f  you  tried  to 
supervise  a  group  of  54250  personnel  without  knowing 
jobs  of  an  electrician  or  being  able  to  perform  related 
tasks? 


2.  Sergeant  Sims  requests  10  days  TDY  to  attend  the 
JSIIDS  (Joint  Service  Interior  Intrusion  Detection 
Systems)  course.  The  interior  shop  is  2  people  short 
and  is  behind  on  work  orders.  As  the  supervisor,  what 
should  you  do? 


3.  Colonel  Y.  Knot  calls  and  wants  you  to  install  a  light 
switch  on  the  back  of  his  house  that  afternoon.  This 
project  is  not  on  your  production  schedule.  What 
should  you  do? 


4.  You  have  two  pipe  thr'^ri.jc.  a  In  your  shop  that  do  not 
work.  What  are  your  responsibilities  in  tf^is  situation? 


5.  Two  new  airmen  are  assigned  tc  your  shop.  What  are 
your  responsibilities  to  these  people? 
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044.  Given  situations  requiring  good  leadership  traits, 
state  what  traits  you  can  use  to  handle  the  situation  in  a 
manner  that  will  not  reduce  effective  mission 
accomplishment. 

Leadership.  You  be  able  to  lead  people  in  order  to  get 
the  work  done.  Most  people  can  be  led  readily,  but  they  do 
not  like  to  be  driven.  The  old  ''whip-cracking"  boss  went 
out  with  the  horse  and  buggy. 

Intelligent  people  who  expect  to  be  leaders  must  know 
the  traits  of  good  leaders  so  that  they  can  practice  them.  A 
list  of  these  traits,  which  is  by  no  means  complete,  follows: 

a.  Leaders  understand  their  personnel  as  individuals  in 
spite  of  their  sex,  schooling,  experience,  age,  race  or 
religion. 

b.  Leaders  can,  when  necessary,  be  firm  with  workers 
without  losing  their  temper. 

c.  Leaders  are  not  afraid  of  their  positions,  their  own 
boss,  the  directives,  or  any  tough  jobs. 

d.  Leaders  are  easy  to  approach  and  also  easy  to  get 
away  from  almost  any  time. 

e.  Leaders  are  people  you  can't  fool,  though  they  may 
have  the  good  sense  to  look  away  at  the  right  time. 

/.  Leaders  know  most  of  the  answers,  but  will  admit  it 
when  there  is  one  they  don't  know.  They  will,  however, 
know  where  to  get  the  right  answer. 

Leaders  can  show  their  people  how  to  do  a  job  without 
showing  off  or  showing  up  their  employees. 
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h.  Leaders  are  predictable. 

I.  Leaders  are  honest,  but  can  see  through  trickery. 

j.  Leaders  identify  with  their  employees  and  will  fight 
for  them,  provided  they  are  in  the  right.  Even  when  they  are 
wrong,  the  leader  will  support  them  and  encourage  them  to 
be  right. 

k.  Leaders  get  a  kick  out  oi  their  work  and  are  able  to 
project  their  enthusiasm. 

/.  Leaders  believe  that  their  work  is  important. 

m.  Leaders  will  listen  to  something  important  but 
remember  an  * 'appointment"  when  they  hear  idle  talk. 

/I.  Leaders  give  the  impression  of  trying  to  work 
themselves  out  of  their  jobs  and  work  their  people  into 
them. 

o.  Leaders  get  around  but  do  not  gossip, 
p.  Leaders  talk  in  terms  of  joint  activity.  They  like  to 
stress  the  word  "we''  and  mean  it. 

The  traits  above  refer,  of  course,  to  good  leaders.  The 
statements  are  written  in  positive  terms.  For  a  moment  let's 
take  a  look  at  the  other  side  of  the  coin  and  sec  some  of  the 
qualities  of  poor  leaders.  Poor  leaders  have  a  negative 
influence  on  those  they  supervise.  ''A  shop  is  a  reflection  of 
the  leader"  is  a  statement  that  has  much  truth  in  it.  A  good 
leader  reflects  a  good  shop.  A  poor  leader  reflects  a  poor 
shop.  If  the  leaders  have  poor  morale,  like  a  contagious 
virus,  they  will  pass  it  on  to  their  employees.  This  type  of 
situation  is  created  when  supervisors  are  critical  of  their 
jobs,  their  supervisors,  and  those  they  direct.  In  such  a 
case,  dissatisfied  supervisors  can't  create  enthusiasm  for 
work  and  for  self  improvement  for  members  of  their  teams. 
Such  failure  results  in  low  productivity,  poor  quality 
products,  and  personnel  wanting  to  leave  the  shop. 

Good  leaders  try  to  avoid  conflicts  between  their  people 
and  higher  level  orders  which  they  must  pass  on.  A  full 
explanation  of  an  order  will  ofte.i  prevent 
misunderstanding.  In  group  or  private  conferences,  leaders 
explain  possible  sources  of  friction  before  their  people  get 
excited.  They  do  not  let  someone  else  inform  them  of 
something  unpleasant  concerning  their  jobs.  They  try  to 
discover  the  basic  reason  for  the  order;  and  in  passing  the 
information  on  to  those  under  their  supervision,  they 
explain  the  order. 

Exercises  (044): 

I.  In  the  following  situations,  state  what  leadership  traits 
you  should  use  to  handle  the  situation  in  the  most 
effective  manner, 
a.  One  of  your  workers  comes  to  you  with  a 
fluorescent  dimming  ballast  component  you  are 
unfamiliar  with. 


b.  Sgt  Hassle  has  a  personal  problem  and  needs 
someone  to  talk  to. 
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c.  Sgt  Anderson,  a  female,  just  arrived  in  your  shop 
and  tells  you  she  is  willing  to  accept  any 
challenge. 


d.  You  overhear  that  Amn  N.  Trouble  is  having 
marital  problems. 


e.  You  have  two  very  capable  NCO's  in  your  shop 
who  want  to  help  with  some  of  the 
responsibilities. 


f.  A  group  of  your  workers  arc  sitting  in  the  break 
area  discussing  a  job.  As  the  conversation 
lengthens  they  begin  to  discuss  the  party  they 
■vent  to  on  Saturday  night. 


g.  Amn  Tom  Maker  has  been  goofing  off  on  the  job. 


h.  The  O&M  chief  has  directed  that  your  shop  is 
going  to  have  to  work  on  Saturdays  for  the  next  3 
weeks  to  catch  up  on  backlogged  work. 


i.  In  the  past,  you  have  let  people  off  who  have 
worked  overtime  on  the  weekend. 


j.  The  com^nander  is  on  Sgt  Morgan's  back  for 
cutting  power  to  the  Officer's  Club  during  an 
emergency. 


045.  List  the  questions  and  steps  necessary  to  orientate 
new  woricers. 

Orienting  New  PersonneL  When  new  workers  are 
assigned  to  your  shop,  you  should  introduce  them  to  the  job 
and  to  the  people  with  whom  they  will  be  working.  This 
orientation  is  one  of  your  most  important  responsibilities 
because  this  is  when  the  new  workers  get  their  first 
impression  of  you  and  their  new  assignment.  Their  first 
impression  is  good  or  bad,  depending  upon  how  well  you, 
the  supervisor,  conduct  the  orientation.  The  effects  of  bad 
orientation  take  a  long  time  to  correct,  whereas  good 
orientation  satisfies  the  four  basic  needs  of  people — 
recognition,  opportunity,  security,  and  a  feeling  of 
belonging. 


79 


When  new  workers  report  for  duty,  remember  that  the 
orientation  can  be  a  distinctly  motivating  factor,  because  it 
can  convince  them  that  they  have  found  a  good  job  in  an 
interesting  and  important  place  to  work.  Before  you  begin 
the  actual  orientation,  introduce  yourself,  then  guide  the 
conversation  along  personal  lines: 

a.  Get  their  names  correctly,  then  remember  and  use 
their  names  as  you  proceed  with  the  interview. 

b.  Find  out  their  marital  status  and  (if  applicable)  the 
number,  age,  and  sex  of  their  children. 

c.  Ask  their  age. 

d.  Ask  about  their  education  and  experience  and  their 
special  training  and  talents. 

e.  Check  on  their  hobbies  and  interests. 
/.  Find  out  about  their  home  background.  (You  may  have 

mutual  interests,  or  someone  already  working  in  the  shop 
may  be  from  the  same  locality.) 

g.  Find  out  where  they  are  living.  If  they  are  living  off 
base,  offer  to  help  them  find  a  car  pool  or  satisfactory 
transportation  to  work. 

ft.  For  each  bit  of  information  you  get  from  them,  try  to 
give  them  a  little  in  return,  not  only  about  yourself,  but 
about  the  people  with  whom  they  will  work. 

With  this  information,  you  will  know  better  how  to  orient 
new  workers.  Tell  them  to  ask  questions  when  they  want 
further  clarification;  then  give  the  official  part  of  the 
orientation  as  follows: 

a.  The  functions  and  organizational  structure  of  the 
shop. 

b.  Where  their  positions  fit  into  the  organizational 
structure,  and  the  importance  of  their  positions. 

c.  The  supervisory  chain  of  command  and  the  person  to 
whom  they  are  direcfly  responsible. 

d.  Duties  and  responsibilities  in  their  positions  and  the 
opportunities  for  advancement. 

e.  The  concepts  of  career  development  and  their 
rek-tionship  to  the  career  progrsun. 

/.  The  new  duties  from  the  specialty  description  and 
specialty  training  standard  that  they  will  learn  to  perform  in 
their  assignment. 

g.  The  standard  of  work  required. 

ft.  Specific  shop  procedures  and  policies  (duty  hours, 
special  details,  special  meetings  to  attend,  etc.). 

Finally,  introduce  them  to  the  other  shop  personnel.  As 
you  walk  around,  point  out  items  of  interest(emparticularly 
those  that  specifically  relate  to  their  former  job.  Don't 
burden  them  with  a  lot  of  small  details  that  they  won't 
understand.  Leave  the  small  details  for  them  to  learn  when 
they  actually  start  doing  the  tasks.  Introduce  them,  not  only 
as  new  workers  but  as  people  of  interest.  Say  something 
about  their  qualifications  or  interests.  Take  special  pains  to 
introduce  them  to  the  people  who  come  ftx)m  the  same  part 
of  the  country  or  who  may  know  the  same  people.  TTien 
introduce  and  turn  them  over  to  the  people  who  will  be 
responsible  for  their  training. 

During  the  following  days  and  weeks,  as  they  train  on  the 
job,  be  sure  to  give  them  any  needed  assistance,  let  them 
know  how  they  are  getting  along,  give  them  credit  when 
due,  and  gain  their  confidence.  You  must  learn  all  you  can 
about  their  emotional  stability  and  their  ability  to  solve  the 
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problems  that  might  otherwise  have  a  bad  effect  on  their 
work. 

Exercises  (045): 

1.  Sgt  John  A.  Brown  has  just  arrived  on  base  from 
another  base.  He  is  assigned  to  your  shop  and  you  need 
to  orientate  him.  In  the  space  provided  below,  make  up 
a  brief  list  of  questions  intended  to  get  information 
about  him  and  his  background. 


2.  In  the  space  provided,  outline  the  official  information 
you  must  tell  Sgt  Brown. 


046.  State  the  procedures  used  to  establish  work 
priorities  and  work  assignments. 

Work  Priorities.  There  are  many  questions  that  you 
must  ask  yourself  in  order  to  analyze  the  work  distribution, 
establish  priorities,  and  schedule  work  in  your  shop.  Some 
of  these  questions  are  as  follows: 

a.  Which  jobs  are  the  most  urgently  needed? 

b.  Which  activities  take  the  most  time? 

c.  Are  there  any  jobs  that  are  misdirected? 

d.  Are  the  jobs  assigned  to  the  correct  shop? 

e.  Is  your  shop  required  to  do  too  many  unrelated  tasks? 
/.  Is  the  work  distributed  evenly? 

g.  Are  supplies  and  equipment  available  to  accomplish 
the  job? 

If  you  have  the  answers  to  these  questions,  you  will  be  in 
a  position  to  see  the  relationship  of  these  different  jobs  and 
can  come  to  a  conclusion.  This  is  not  to  be  interpreted  to 
mean  that  you  don't  already  know  what  is  going  on  in  your 
shop.  We  are  not  talking  about  job  classification  or  Air 
Force  specialty  when  we  discuss  work  priorities  and  work 
distribution.  Rather,  we  are  talking  about  specific,  detailed, 
factual  information  that  is  assembled  in  one  place  in  an 
orderly  way  to  help  you  make  improvements  more  easily. 
In  order  to  be  a  good  supervisor  you  should  always  seek 
new  ways  to  improve  your  organization. 

Obviously,  the  most  time  should  be  devoted  to  the  most 
important  work — those  operations  that  contribute  most 
directly  to  the  mission  of  your  organization.  Operations 
should  be  the  right  number  and  type  to  accomplish  this 
mission.  Time  totals  for  other  operations  normally  should 
reflect  the  relative  importance  of  that  operation.  By  keeping 
on  the  alert  when  you  study  your  work  distribution,  you  will 
find  that  the  effort  expended  is  repaid  many  times  over. 
Also,  you  will  be  surprised  at  how  much  you  can  learn 
about  how  the  work  in  your  unit  is  done. 

Only  operations  and  tasks  that  are  essential  to  the 
organization's  mission  should  be  accomplished.  Work  that 
duplicates  work  done  elsewhere  may  be  misdirected  effort. 
Misdirected  effort  often  shows  up  in  the  form  of  excessive 
personal  time  or  time  not  accounted  for.  Any  work  being 
performed  that  does  not  contribute  to  the  mission  is  likely  to 
be  misdirected  effort. 
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Work  Assignment.  After  you  determine  that  the  work  is 
the  right  type  for  your  shop  and  you  have  it  scheduled  for 
completion  by  priority,  the  next  thing  that  you  must  do  is  to 
assign  the  people  to  do  the  job.  There  are  several  questions 
that  you  can  ask  yourself  to  help  you  make  these  decisions. 

Are  skilled  woikers  doing  considerable  routine  work  or 
other  tasks  that  do  not  use  their  skills?  The  supervisor  and 
skilled  workers  should  do  a  minimum  amount  of  routine  or 
other  unskilled  work.  This  can  be  a  problem  with  willing 
workers  as  they  may  take  on  work  below  their  skills. 

Do  workers  have  tasks  that  are  above  their  skills  or  for 
which  they  are  not  trained?  Woikers  doing  work  far  above 
their  skills  usually  will  do  less  work,  do  poorer  quality 
woik,  and  cause  more  accidents  than  workers  with  proper 
skills.  Skilled  work  should  be  concentrated  in  some 
positions  and  unskilled  work  in  others,  where  possible. 

Are  willing  workers  assigned  tasks  that  are  unrelated  to 
their  normal  work?  Few  people  can  do  all  types  of  work 
equally  well;  the  assignment  of  unrelated  tasks  to  workers 
can  result  in  poorer  work,  less  enthusiasm,  and  more 
fatigue.  The  assignment  of  related  tasks  to  a  worker  makes 
training  to  increase  the  worker's  skills  easier.  Willing 
woikers  should  not  be  assigned  or  allowed  to  assume  too 
many  tasks  just  because  of  their  willingness.  Tasks  should 
be  organized  in  related  groups  and  then  assigned  to 
appropriate  woricers. 

Are  many  workers  doing  a  small  or  unimportant  task  that 
one  person  could  do  more  efficiently?  If  several  workers  are 
filing,  answering  the  phone,  cleaning  the  shop,  or  doing 
some  similar  task,  the  task  may  be  badly  performed  and 
skills  may  be  wasted.  Also,  tasks  may  be  given  to  so  many 
workers  that  no  one  is  responsible  for  them.  One  person 
working  steadily  usually  can  accomplish  a  task  more 
effectively  than  many  workers  doing  a  small  part  of  the 
same  task. 

What  do  you  think  happens  if  the  work  is  not  evenly  or 
fairly  distributed  among  your  workers?  Obviously, 
everyone  won't  be  carrying  a  fair  share  of  work.  Worker 
morale  will  decrease,  accidents  may  increase,  and  some 
workers  may  be  idle  or  "goofing  off.**  Overloading  or 
underloading  workers  will  get  poor  results.  Aim  for  a 
balanced  workload  among  woikers. 


Exercises  (046): 

1.  What  type  of  work  takes  first  consideration  when 
making  out  the  schedule? 


2.  What  is  misdirected  work? 


3.  Who  in  your  shop  should  do  the  lesser  skilled, 
routine-like  work? 


4.  What  problems  could  result  by  assigning  your  workers 
jobs  far  above  their  abilities? 


5.  What  is  an  advantage  to  insuring  woikers  are  assigned 
to  related  tasks. 


6.  List  two  advantages  to  assigning  one  worker  to 
perform  a  routine  task. 


7.  What  could  result  if  the  work  is  not  evenly  or  fairly 
distributed? 


047.  Given  four  rules  for  organization  in  management 
principles  and  four  situations,  associate  the  rules  with 
the  situations. 

Management  Principles.  Your  job  calls  for  you  to 
supervise  maintenance,  inspection,  and  repair  activities.  In 
order  for  you  to  do  a  good  job  of  supervising  these 
activities,  you  must  have  some  knowledge  of  management 
principles.  Management  may  be  defined  as  the  process  of 
organizing,  coordinating,  and  using  resources  to 
acr»>mplish  work  that  has  been  planned.  There  are  many 
other  definitions  and  there  are  scores  of  books  written  on 
management.  To  express  a  complex  subject  in  simple 
terms,  you  could  say  that  management  is  using  cotimion 
sense  to  get  the  job  done  efficiently.  This  whole  chapter. 
Supervision  and  Training ,  relates  to  management 
principles.  This  particular  objective  is  limited  to  the 
portion  of  management  called  organization. 

Organization.  To  practice  good  management  principles, 
you  must  be  able  to  organize.  Organization  is  a  process  of 
putting  things  in  order  in  some  kind  of  working  system. 
You  organize  your  room  when  you  get  ready  for  an 
inspection.  You  organize  your  thoughts  before  you  give  a 
speech.  You  organize  your  job  and  the  jobs  of  your 
workers,  and  you  organize  the  steps  and  processes  by  the 
tasks  that  are  accomplished.  You  may  do  these  things 
consciously  or  unconsciously,  but  one  way  or  another  YOU 
DO  ORGANIZE.  There  are  four  principles  or  rules  which 
can  help  you  to  organize  your  unit  effectively. 

Rule  7.  The  first  rule  is  that  each  person  must  have  only 
one  boss.  He  or  she  should  take  orders  from  that  one  boss 
and  receive  directives  and  directions  from  only  that  boss. 
Have  you  ever  been  in  a  position  where  the  big  boss  gave 
you  orders  that  were  different  from  those  that  your 
supervisor  gave  you?  It  is  very  confusing  to  say  the  least. 
An  armed  force  will  lose  its  effectiveness  when  the  chain  of 
conunand  is  broken — so  will  a  shop.  The  saying  that  ''no 
man  can  serve  two  masters**  is  as  true  today  as  it  was  2000 
years  ago.  Every  person  must  know  who  their  boss  is  and 
must  take  orders  from  that  boss. 
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Rule  2.  The  second  rule  is  that  you  must  not  try  to  handle 
too  many  people.  There  is  no  set  number  that  one 
supervisor  can  handle .  It  depends  on  such  factors  as  time , 
type  of  job,  difficulty  of  work,  and  concentration  of 
personnel.  If  the  job  is  such  that  your  employees  work 
close  together,  you  may  be  able  to  handle  15  to  20  people; 
but  if  the  job  is  scattered,  four  or  five  may  be  enough. 

Rule  3.  The  third  rule  of  good  organization  is  that  you 
must  be  given  the  authority  to  get  the  job  done.  Nothing  is 
harder  on  morale  than  to  give  supervisors  a  job  and  then  tie 
their  hands  by  not  giving  them  any  authority.  If  you  give 
people  the  leadership  to  get  a  job  done,  you  should  also  give 
them  the  authority  to  coordinate  the  work  with  other  shops. 
You  should  give  them  the  authority  to  get  supplies  and  to 
draw  the  tools  necessary  for  the  job. 

Rule  4.  The  fourth  rule  in  organizing  is  that  every  person 
must  answer  for  their  own  work.  Supervisors  m:\st  be 
responsible  for  their  own  jobs,  which  includes  the  work  of 
their  workers.  They  answer  to  their  bosses  for  the  work  of 
their  organizations.  Of  course,  the  workers  in  their 
organization  must  answer  to  them.  Every  person  is 
responsible  for  his  or  her  job  to  the  next  person  above  them. 


Exercises  (047): 

1.  Match  the  following  rules  for  organization  in 
management  principles  to  the  appropriate  situation 
below  by  placing  the  letter  of  the  rule  in  the  space 
provided. 

a.  Eachpersonmust  have  only  one  boss. 

b.  One  person  should  not  be  given  too  many  people 
to  supervise. 

c.  Authority  must  be  given  to  get  the  job  done. 

d.  Each  person  must  answer  for  their  own  work. 

 (1)  You  are  the  supervisor  of  a  very  large  interior 

electric  shop.  There  are  30  people  altogether  with 
6  assigned  to  the  alarm  crew,  10  to  the  minor 
construction  crews,  4  on  equipment  maintenance, 
5  on  relamping,  and  4  people  working  on  service 
calls  and  job  orders.  You  designate  the  ranking 
person  of  each  crew  as  crew  leader.  You  are  in 
direct  supervision  of  these  crew  leaders  and  they 
are  in  direct  supervision  of  the  people  in  their 
crew. 

 (2)  In  the  crews  mentioned  in  number  (1)  above,  each 

crewmember  is  only  responsible  to  the  crew  leader 
and  receives  instructions  and  directions  from  them 
only. 

 (3)  Each  crew  leader  is  given  the  authority  to  carry 

out  his  or  her  jobs  and  draw  the  necessary  supplies 
for  the  jobs. 

 (4)  Each  crew   leader  holds   his  or  her  people 

responsible  for  their  work,  you  hold  the  crew 
leaders  responsible  for  their  crew's  work,  and  your 
boss  holds  you  responsible  for  your  shop's  work. 
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048.  State  ways  of  giving  directions  so  they  are  well 
received  and  understood  and  specify  when  oral  and 
written  directions  should  be  used. 

Directing  Work.  Directing  work  is  a  vital  activity 
required  between  the  time  you  prepare  for  operations  and 
the  time  that  actual  operation  starts.  It  consists  of  issuing 
instructions  to  subordinates  about  what  to  do  and  how  and 
when  to  do  it.  Good  performance  depends  upon  a  clear 
understanding  of  what  is  to  be  done  between  the  workers 
and  the  supervisor.  This  understanding  is  often  quite  hard  to 
achieve  since  the  directions  given  may  mean  one  thing  to 
the  supervisor  and  something  else  to  the  worker. 

Two-way  process.  When  you  give  work  directions,  you 
must  know  your  subordinates'  capabilities  and  workloads. 
You  need  to  consider  the  equipment,  material,  and  supplies 
needed  to  do  the  work.  If  you  ignore  these  factors,  it  will 
cause  lost  time  and  disgruntled  workers.  Maybe  you  can 
recall  some  examples  of  poorly  planned  work  assignments. 
When  you  give  an  assignment,  make  sure  that  it  is 
understood.  If  the  workers  do  not  understand,  they  should 
let  you  know.  This  interchange  of  information  leads  to 
better  relations  and  a  better  view  of  the  situation  for  both 
you  and  the  workers.  Thus,  the  directing  of  work  should  be 
a  two-way  process  that  results  in  improved  performance  and 
harmonious  relations.  To  make  sure  that  your  directions  are 
understood,  ask  the  workers  to  repeat  their  instruction  by 
telling  you  what  they  are  going  to  do.  Also,  ask  them  if  they 
have  any  questions.  Use  of  the  two-way  process  in  directing 
helps  you  stop  confusion  and  lost  manhours,  and  insures 
that  the  worker's  efforts  go  toward  completing  the  job  that 
needs  to  be  done . 

Giving  good  directions.  Many  of  the  directions  you  give 
come  from  regulations,  manuals,  and  operating 
instructions.  Use  these  controlling  directives  as  guides 
when  you  prepare  your  work  directions.  However,  there  are 
some  situations  that  call  for  decisions  and  directions  that  are 
not  found  in  formal  directives.  In  these  cases,  you  must 
develop  your  own  directions  with  the  use  of  organizational 
objectives  and  good  judgment  as  your  guides.  The  way  you 
give  directions  to  workers  will  vary.  Sometimes  you  must 
demand  immediate  action.  In  other  situations,  a  suggestion 
of  what  is  to  be  done  is  enough.  For  example,  if  you  are 
giving  directions  to  a  newly  assigned  person,  use  the 
request  type  of  direction.  Later,  you  may  need  to  alter  the 
type  of  direction  you  give  this  same  person  because  this 
person  responds  best  to  the  demand  or  direct  type  of 
direction. 

With  experienced  workers  who  are  willing  and 
cooperative,  you  get  good  results  with  a  suggested  or 
implied  form  of  direction  or  by  asking  for  a  volunteer.  With 
experienced  workers,  the  demand  type  of  direction  often 
causes  worker  resentment  and  tense  relations. 

Oral  and  written  directions.  Directions  can  be  expressed 
orally  or  in  writing.  Each  method  has  its  advantages.  For 
example,  it  is  foolish  to  give  short,  simple  directions  in 
writing.  It  is  also  poor  supervision  to  give  long, 
complicat^.d  directions  orally.  It  is  sometimes  necessary  to 
give  oral  directions  to  supplement  written  directions.  This 
is  true  when  you  must  explain  a  situation,  when  you  wish  to 
provide  an  opportunity  for  questions,  or  when  you  must  be 
absolutely  sure  that  a  directive  is  understood. 


To  make  sure  that  your  instructions  are  clear  and  will  not 
cause  confusion  or  misunderstanding,  be  sure  they  answer 
the  questions  of  *'What?  Why?  When?  Where?  Who?  and 
How?"  If  all  of  these  questions  are  answered  in  your 
directions,  the  chance  of  misunderstanding  is  greatly 
reduced. 

There  are  times,  even  when  all  of  these  questions  are 
answered,  the  directions  may  not  be  understood  because 
you  assume  that  the  worker  has  a  full  knowledge  of  the 
subject.  As  a  result,  you  may  use  words  that  are  *oo 
technical  or  too  complex,  you  may  not  be  specific  enough, 
or  you  may  include  too  little  information.  There  are  other 
times  that  your  instructions  may  answer  the  six  questions 
but  turn  out  to  be  too  long,  too  complicated,  or  not  logically 
arranged.  They  may  make  the  work  seem  unduly 
complicated,  or  may  set  up  such  vague  guidelines  that  no 
one  knows  what  is  to  be  done.  You  must,  therefore,  not 
only  be  sure  that  all  necessary  information  is  included,  but 
also  must  check  the  language  used  and  how  practical  your 
directions  are. 

Attitude  of  the  directors.  It  is  not  enough  to  be  sure  that 
the  directions  for  doing  a  job  are  complete.  The  attitude  of 
the  individual  who  gives  these  directions  is  also  important. 
For  example,  your  supervisor  may  have  asked  for  a  recount 
of  all  the  parts  in  bench  stock.  The  supervisor  may  have 
finished  the  request  with  a  remaric  such  as,  "Take  care  of  it 
as  quickly  as  you  can,  so  that  we  can  get  on  a  job  that  is 
worth  doing.  Here's  a  copy  of  the  count  you  made  last 
week,  if  you  want  it." 

It  is  not  i:ard  to  picture  what  the  attitude  of  anyone 
assigned  to  the  preceding  job  is  going  to  be.  If  the 
supervisor  ihinks  it  is  a  waste  of  time,  the  worker  has  little 
interest  in  the  job  and  will  do  it  carelessly.  Both  supervisors 
and  workers  must  believe  in  the  importance  of  the  work 
they  are  doing  if  they  are  to  do  it  well  and  enjoy  doing  it. 

Duty  rotation.  Supervisors,  while  directing  the  operation 
of  their  units,  should  make  it  a  point  to  xx>tate  the  duties  of 
their  people.  A  change  of  duty  is  often  of  value  since  it  may 
keep  workers  fh)m  getting  bored  with  what  they  are  doing. 
It  also  gives  you  a  chance  to  spread  the  less  desirable  jobs 
around  so  that  one  or  two  people  do  not  get  stuck  with 
them.  And,  of  'bourse,  rotation  is  an  important  part  of 
upgrade  training.  It  gives  trainees  a  chance  to  be  trained  and 
get  experience  on  all  tasks  for  which  they  arc  responsible. 
An  added  benefit  of  rotation  is  that  it  gives  you  skUlcd 
persons  who  can  do  essential  jobs  when  some  of  your 
people  arc  gone.  An  example  of  how  this  works  would  be 
for  you  to  assign  one  of  your  people  tc  help  you  with  the 
paperwork.  This  arrangement  serves  two  purposes.  It 
fulfills  some  of  the  supervisory  and  management  training 
requirements  for  7-level  trainees  and,  at  the  same  time,  you 
arc  getting  an  assistant  who  can  free  you  from  spending  so 
much  time  in  the  office. 


2.  Specify  how  you  can  be  sure  that  your  directions  have 
been  understood. 


3.  Where  do  many  of  the  directions  used  to  guide  your 
workers  come  from? 


4.  State  two  things  you  should  use  as  guides  when  you 
must  develop  directions  for  your  workers. 


5.  State  the  type  of  direction  that  is  inferred  in  each  of  the 
following  examples, 
a.   '  'Sergeant,  would  you  repair  that  hole?' ' 


b.   "It  would  help  if  we  removed  this  before  we 
repair  it. ' ' 


c.   "Airman  Jones,  replace  that  unit.' 


d.   "Who  is  willing  to  stay  late  so  we  can  get  this  iob 
done?"  ^ 


e.   "Sergeant  Thomas,  there  seems  to  be  a  short 
between  "C"  phase  and  neutral." 


f.  "Would  you  complete  the  entries  on  this  form  for 
yesterday's  operation?" 


6.  State  the  conditions  under  which  written  directions 
should  be  prepared. 


7.  Why  is  it  necessary  to  give  oral  directions  at  times  in 
addition  to  written  instructions? 


Exercises  (048): 

1.  State  the  reason  that  directions  given  by  the  supervisor 
io  not  always  get  carried  out. 


8.  State  the  questions  you  must  answer  when  you  prepare 
directions. 
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9.  List  five  things  that  may  keep  your  directions,  even 
though  they  answer  all  the  pertinent  questions,  from 
being  understood. 


10.  State  how  the  attitude  of  the  person  giving  directions 
can  affect  the  outcome. 


1 1 .  List  three  benefits  of  rotating  duty  assignments. 


049.  Differentiate  bc^ /veen  good  and  bad  approaches  to 
human  relations. 

Foundation  for  Good  Human  Relations.  Human 
relations  on  tne  job  are  a  major  and  sensitive  responsibility 
of  the  supervisor:  you  are  completely  aware  that  there  are 
differences  arnong  human  beings  such  as  r»ex,  race, 
background,  and  creed.  You  should  know  that  people 
consider  their  jobs  as  their  careers.  They  expect  such  things 
as  a  fair  evaluation  of  their  performance,  equal  opportunity 
to  get  ahead,  and  greater  responsibilities  to  do  important 
tasks  and  to  have  new  job  experiences.  They  desu^e  status, 
the  feeling  of  importance,  and  the  desire  to  belong  to  a 
group.  They  also  want  economic  and  emotional  security. 

When  workers  find  their  status  or  pay  check  threatened, 
they  know  that  something  is  wrong.  They  are  more  likely  to 
accept  change  if  you  prepare  them  for  it.  You  should  try  to 
keep  a  calm  environment  for  people  to  work  in.  Keep 
rumors  down  by  keeping  your  workers  informed. 

Let  workers  know  where  they  stand.  All  woikers  need  to 
know  how  they  are  getting  along  if  they  are  to  be  happy  and 
satisfied  with  their  jobs.  This  includes  whether  woikers 
know  they  are  doing  a  good  job  or  not.  How  can  you  do 
this?  First,  you  can  take  an  interest  in  your  workers  and  get 
to  know  each  one  personally.  Secondly,  you  can  have 
periodic  talks  with  each  worker  and  sec  that  each  knows  the 
job  requirements.  How  often  you  contact  your  workers  and 
how  close  the  personal  relationship  that  you  maintain 
depend  upon  the  individual  work  situations.  Remember, 
there  is  a  delicate  balance  between  overfamiliarity  and 
friendship.  You  must  use  good  judgment  or  risk  severe 
criticism  that  damages  both  morale  and  production  in  your 
unit. 

Give  credit  when  due.  Recognizing  individual  effort  is 
another  technique  that  aids  you  in  maintaining  good  job 
relations.  Experience  has  proved  that  this  technique  gets 
good  results,  and  supervisors  who  ignore  it  create  problems 
such  as  loss  of  interest  among  their  workers.  But,  knowing 
the  technique  and  knowing  how  to  put  it  to  use  are  two 
different  things.  Giving  credit  when  due  is  a  good  idea — but 
how  do  you  do  it?  There  are  many  ways.  Here  are  some  of 
them:  (1)  give  workers  a  pat  on  the  back  and  a  little  praise 
when  they  do  a  good  job;  (2)  use  letters  of  appreciation  and 
conunendation;  (3)  recommend  outstanding  performance 
ratings;  (4)  encourage  the  use  of  both  the  military  and 
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civilian  suggestion  programs »  which  can  result  in  cash 
awards  or  other  forms  of  recognition  for  improvements 
developed  by  your  people;  and,  (5)  recommend  deserving 
personnel  for  promotion,  upgrading,  and  better 
assignments. 

inform  workers  in  advance.  You  need  to  inform  your 
workers,  of  changes  thai  affect  them  in  advance.  You  can 
do  this  by  personal  contact  with  the  individual,  by  written 
notices  or  bulletins,  or  by  informal  meetings  and 
discussions.  The  last  method  is  good,  but  calling  woiicers 
together  in  a  meeting  to  present  a  chan  does  not 
automatically  win  their  support  and  approval.  You  must  get 
their  interest  and  participation.  If  possible,  get  the  workers 
in  on  the  planning  for  the  changes.  Encourage  them  to 
contribute  their  ideas  and  ** pitch  in"  to  meet  the  problem. 
The  supervisor's  attitude  and  conduct,  in  general,  greatly 
influences  the  workers'  willingness  to  cooperate. 

Gain  the  workers*  confidence.  Take  a  personal  interest  in 
each  worker;  be  friendly,  helpful,  and  fair  in  your  dealings; 
encourage  the  workers  to  come  to  you  with  their  problems, 
and  take  action  on  their  problems  if  possible. 

When  properly  used,  these  techniques  can  be  of  great 
assistance  to  you.  But  remember,  **No  two  people  are 
exactly  alike."  You  must  get  to  know  your  workers  and 
understand  their  individual  differences  and  needs.  Study 
each  individual.  Learn  the  personal  interests  and  problems 
of  each  woiker  and  know  what  his  or  her  reactions  will  be. 
You  can  then  treat  each  worker  as  an  individual. 


Exercises  (049): 

1.  Mark  the  following  statements  with  a  **G"  for  good 
techniques  of  human  relations  or  **B"  for  bad 
techniques  of  human  relations. 

a.   Do  not  bother  a  worker  who  is  doing  a  good  job. 

b.   Get  to  know  each  worker  personally. 

c.   Have  short  periodic  talks  with  workers  to  be  sure 

they  know  their  job  requirements. 

d.   Check  on  what  your  workers  are  doing  several 

times  a  day. 

e.   Stop  and  **shoot  the  breeze"  with  your  workers 

frequently. 

f.   Get  to  be  good  buddies  with  at  least  some  of  your 

woricers. 

g.   Make  sure  you  praise  a  worker  who  does  a  good 

job. 

h.   Five  workers  turn  in  a  suggestion  if  they  come  up 

with  an  improved  way  of  doing  a  job. 

i.   Do  not  be  afraid  to  give  exceptional  woiicers 

outstanding  performance  ratings. 

j.   When  a  change  is  needed,  decide  on  the  change  and 

then  make  it. 

k.   Ask  your  workers  for  suggestions  when  you  find 

current  procedures  are  not  getting  the  work  out  on 
time. 

1.   Try  to  treat  each  worker  the  same  way  the  worker 

treats  you. 

m.  Don't  get  involved  with  the  problems  of  workers 

unless  they  ask  you  for  help. 


050.  List  methods  you  should  avoid  when  solving  a 
problem  and  specify  the  steps  to  take  to  solve  a  problem. 

How  to  Handle  a  Problem.  We  are  surrounded  with 
problems.  Some  are  small;  others  are  large.  Some  maybe 
simple;  others  are  so  complex  that  there  seems  to  be  no  way 
to  solve  them.  Fortunately,  the  Air  Force  has  developed 
tried  and  true  procedures  which  work  in  solving  99  percent 
of  the  problems  that  you  are  apt  to  encounter  on  the  job. 
Unfortunately,  some  supervisors  have  not  studied  these 
methods.  Instead,  they  use  methods  of  their  own. 

The  wrong  way.  There  are  six  methods  used  to  face 
problems  which  almost  always  end  in  disaster.  These  are 
shown  in  Figure  3-1,  ''How  Sgt  Blow  Faces  Problems." 
Believe  it  or  not,  some  supervisors,  and  individuals  too,  use 
one  or  more  of  these  methods  when  faced  with  a  problem. 
Sgt  Blow,  in  Figure  3-1,  ignores  the  problem.  He  also  uses 
method  number  4  (he  runs  away  very  often  during  duty 
hours  to  the  NCO  club).  A  supervisor  should  be  on  the  job 
during  duty  hours,  not  goofing  off.  You  can  see  by  his 
shape  that  Sgt  Blow  often  uses  method  number  5.  People 
who  can't  solve  theu-  problems  can  very  easily  fall  into  the 
bad  habit  of  overeating,  overdrinking,  or  taking  drugs.  In 
the  figure,  you  can  see  how  important  Sgt  Blow  thinks  he 
is.  He  is  the  big  man  with  the  big  cigar  who  looks  down  his 
nose  at  the  little  man;  no  doubt  Sgt  Blow's  unit  is  like  a 
sinking  ship.  The  tombstone,  in  the  figure,  is  the  result  of 
using  those  unwise  methods  of  oroblem  solving.  His  section 
is  rated  unsatisfactory  and  Sgt  lilow  is  blown  away,  but  he 
never  learns  that  he  is  the  reason  why.  When  asked  why  he 
lost  his  job,  he  uses  method  number  3  and  blames  the 
people  who  worked  for  him  as  the  reason  for  his  section's 
failure. 


The  right  way.  The  procedures  you  should  use  to  solve 
problems  are  sunimarized  in  Table  3-1,  How  to  Handle  a 
Problem.  Notice  that  the  table  is  made  up  of  five  main 
steps.  These  steps  are  subdivided  into  many  substeps. 
Study  these  steps  to  problem  solving  and  use  them  as  you 
solve  the  problems  that  evolve  around  you. 

Exercises  (050): 

1.  List  six  methods  to  avoid  when  you  must  solve 
problems.   These  steps  do  not  have  to  be  in  any 
order — all  are  equally  bad. 
a. 


b. 


c. 


d. 


e. 


f. 


SIX  METHODS  USED  . 
.  TO  FACE  PROBLEMS 

l.Get  mad 

-2. Ignore  problem 

3.  Blame  someone  else 

4.  Run  away  to  NCO  Club 

.5  Stall-don't  make  deci- 
^  sion 

6.  Eat  -  Eat  -  Eat 


h.'ac^v/iii;S;t04.NLi^l 


■-BB-OIT 


ERIC 


Figure  3-1 .  How  Sgt  Blow  Hart  faces  problems. 
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2.  Indicate  the  problem  solving  step  from  Table  3-1 
during  which  the  actions  occur  by  entering  the  proper 
letter  in  the  space  provided. 

Problem  Solving  Steps 

a.  Define  the  problem. 

b.  Get  the  facts. 

c.  Weigh  and  decide. 

d.  Take  action. 

e.  Check  results. 


  (1)  Consult  with  other  workers. 

  (2)  Act  on  selected  solution. 

  (3)  Must  be  stated  in  specific  terms. 

  (4)  Analyze  the  facts. 

  (5)  Review  work  records. 

  (6)  Correct  a  faulty  procedure. 

  (7)  Establish  relationship  between  facts. 

  (8)  Correct  any  obvious  weakness  immediately. 

  (9)  Be  careful  of  preconceived  ideas. 

 (iO)  Leads  to  setting  objectives. 

 (11)  Select  the  action  to  take. 

 ( 1 2)  Observe  job  being  done . 

 (13)  May  have  overlooked  a  pertinent  fact. 


051.  List  qualities  you  should  try  to  instill  in  your 
workers  and  in  given  situations,  distinguish  between 
good  and  bad  counseling  principles. 

Counseling  Principles.  As  a  supervisor  in  the  Air  Force, 
you  must  have  a  basic  understanding  of  counseling  and 
guidance.  This  is  because  you  are  required  to  deal  with 
people.  You,  as  a  counselor,  must  be  able  to  interpret  and 
explain  the  counselee's  actions  in  terms  of  motive  or  cause 
if  you  expect  to  help  the  counselees  understand  themselves 
and  solve  their  problems.  To  achieve  this,  you  must  be  on 
the  alert  for  causes.  Surface  effects  like  '*coming  in  late" 
and  **will  not  work''  only  indicate  that  a  worker  has  a 
problem.  They  indicate  th.  •  you  must  dig  deep  and  try  to 
find  out  what  the  cause  is.  In  discussing  the  problem  with 
the  worker,  you  must  ask  yourself,  '*What  is  the  basic 
cause,  reason,  motive,  or  consideration  that  has  made  this 
person  behave  as  he  or  she  does?" 

When  you  learn  the  principles  of  counseling,  you  avail 
yourself  of  a  method  which  helps  you  put  your  finger  on  the 
real  problem.  It  also  gives  you  a  clue  to  the  answer  to  the 
problem.  And  better  still,  you  gain  an  insight  into  the 
causes  of  potential  problems  and  the  key  to  problem 
prevention. 

People  must  make  decisions  one  way  or  the  other  every 
day  of  their  lives.  The  tosoUp  type  of  decisions  are  the 
hardest  to  make.  Airman  Joe  Watts  was  on  KP  and  had  to 
separate  tnickloads  of  potatoes  into  a  good  pile  and  a  bad 
pile.  When  he  asked  his  supervisor  to  relieve  him  from  that 
duty,  he  said,  **I  don't  mind  the  work,  but  those  decisions 
are  driving  me  nuts.  I  can't  get  diem  off  my  mind  and  can't 
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TABLE  3~ I 
HOW  TO  HANDLE  A  PROBLEM 


1. 

DEFINE  THE  PROBLEM. 

a . 

What  is  the  real  problem. 

b. 

Write  it  on  paper. 

GET 

THE  FACTS— ALL  THE  FACTS. 

a. 

Review  the  record. 

b. 

Find  out  what  rules  and 

regulations  apply. 

c. 

Talk  with  individuals  on 

both  sides. 

d. 

Get  opinions  and  feelings. 

e. 

Be  sure  you  have  the  whole 

story. 

3. 

WEIGH  AND  DECIDE. 

a . 

Fit  the  facts  together. 

b. 

Consider  their  bearing  on 

each  other. 

c . 

What  possible  actions  are 

there? 

d. 

Check  practices  and  policies. 

e. 

Consider  the  objective  and 

the  fiffect  on  each  individual 

or  group  and  on  work  unit. 

f . 

Don't  jump  to  conclusions. 

4. 

TAKE  ACTION. 

a . 

Are  you  going  to  handle  this 

yourself? 

b. 

Do  you  need  help  in  handling 

the  situation? 

c. 

Should  you  refer  this  to  your 

supervi  sor? 

d. 

Watch  timing  of  your  action. 

e . 

Don't  pass  the  buck. 

5. 

CHECK  RESULTS. 

a. 

How  soon  will  you  follow  up? 

b. 

How  often  will  you  need  to  check? 

c . 

Watch  for  changes  in  output. 

attitudes,  and  relationships. 

d. 

Did  your  action  help  work  output? 

PREVENT 

THE  DEVELOPMENT  OF  PROBLEMS  3Y 

ELIMINATING  THE  CAUSES 

BA~044 


go  to  sleep  thinking  about  them.  My  production  has 
dropped  50  percent. ' ' 

Some  people  have  the  ability  to  make  decisions  that 
improve  their  way  of  life.  Others  make  decisions  that  are 
self-destructive.  As  a  supervisor,  you  must  help  the  self- 
destructive-type  individuals  leam  how  to  make  decisions 
that  will  improve  their  way  of  life  and  their  image  of 
themselves.  When  they  leam  how  to  make  proper 
decisions,  their  self  qualities  will  change  from  negative  to 
positive.  \  our  purpose  in  counseling  should  be  to  produce 
the  following  positive  self-qualitivS  in  your  workers: 
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•  Self  motivation. 

•  Self  understanding. 

•  Self  responsibility. 

•  Self  directivity. 

•  Self  productivity. 

•  Self  satisfaction. 

Counseling  and  **chewing  out"  are  not  the  same  thing. 
Why  not?  Because  a  **chewing  out"  causes  resentment  and 
frustration  among  the  **chewees"  and  seldom  improves 
their  attitudes  or  production.  On  the  contrary,  a  bawling  out 
usually  causes  anger,  a  negative  attitude,  and  a  reduction  of 
production. 

The  essence  of  counseling  is  the  ability  to  mentally  and 
emotionally  put  yourself  in  the  place  of  the  person  you  wish 
to  counsel.  You  must  gain  an  understanding  of  this  person's 
problem  by  looking  at  it  as  though  you  were  seeing  through 
his  or  her  eyes. 

This  viewpoint  is  not  an  easy  one  to  acquire,  but  it  is 
basic  to  true  counseling.  It  is  called  empathy.  Empathy  in 
no  way  means  **sympathy"  or  **coddling."  After  all, 
remember  that  you  are  dealing  with  adults,  not  children. 
Whatever  they  have  or  have  not  done,  they  want  to  be 
treated  as  adults. 

Certain  principles  are  followed  by  every  good 
supervisor-counselor.  Probably  the  most  successful  of 
these  principles,  which  you  too  should  learn  and  practice, 
are  these.  The  order  in  which  they  are  listed  is  not,  in  itself, 
especially  significant. 

Counseling  Principles 

•  Respect  each  worker. 

•  Act  friendly — smile. 

•  Listen  to  worker. 

•  Do  not  threaten  worker. 

•  Do  not  argue  with  worker. 

•  Encourage  worker  to  talk  about  the  problem. 

•  Let  worker  express  attitudes  and  emotions. 

•  Relieve  worker  from  fears  and  anxieties. 

•  Help  woricer  to  help  themselves. 

•  Be  patient  and  understanding. 

•  Stress  mutual  cooperation. 

•  Stress  joint  responsibility. 

•  Use  problem-solving  methods. 

•  Do  not  gossip  aboi:t  problem. 

Exercises  (051): 

1.  List  self-qualities  you,  as  a  supervisor,  wish  to 
produce  in  your  workers. 


2.  Answer  true  or  false.  Counseling  is  chewing  out  a 
person  for  something  he  or  she  has  done  wrong  or 
something  he  or  she  has  failed  to  do.  State  the  reasons 
for  your  answer. 


3.  In  the  following  exercises  place  an  X  in  the  space 
provided  for  bad  counseling  principles. 


.  a.  MSgt  Jones  pounds  the  table  when  telling  AlC  Jack 

Smith  about  his  error. 
.  b.  Supervisor  Kelley  is  firm  but  friendly. 
.  c.  SSgt  Judy  Sand  tells  her  workers  that  they  should 

be  seen  but  not  heard. 
.  d.  TSgt  Bills  says,  **Let  them  talk  so  you  can  get  the 

goods  on  them." 
.  e.  Do  not  argue  with  worker  during  a  counseling 

session. 

.  f.  Tell  the  boys  what  Amn  Joan  Grey  said  during  her 
interview. 


052.  Distinguish  between  situations  in  which  you  should 
counsel  a  subordinate  and  those  in  which  you  should  not 
counsel,  and  list  the  steps  to  follow  in  solving  a  given 
personnel  problem. 

Problems  of  the  Individual  and  the  Supervisor.  An 

individual  may  be  a  poor  producer  on  the  job  because  of 
personal  problems.  These  problems  can  include,  but  are  not 
limited  to,  overspending,  excessive  drinking,  and 
frustration  in  not  being  able  to  reach  a  goal,  among  others. 
Obviously,  workers  who  have  problems  which  they  are  not 
able  to  manage  may  bring  their  problems  onto  the  job  with 
them.  If  they  do  so,  they  cannot  concentrate  properly  on 
their  jobs,  because  their  minds  will  keep  going  back  to  their 
personal  problems.  This  is  where  you  come  in  as  a 
supervisor.  You  can — and  should  try  to — help  these  people 
by  trying  to  find  out  the  real  reason  for  their  low 
productivity.  Besides,  by  working  to  help  such  a 
subordinate,  you  will  be  helping  the  productivity  of  your 
whole  shop.  In  any  event,  when  you  dig  deep,  you  will 
usually  find  that  what  appears  to  be  the  problem  (effect)  is 
not  the  re^  one  (cause).  Consider,  for  example.  Airman 
Johnny  Smith,  who  is  making  many  errors.  On  the  surface, 
it  may  seem  that  he  is  just  a  lazy  fellow — one  who  doesn't 
really  care.  Actually,  however,  his  true  problem  is  the 
collector  who  is  hounding  him  for  falling  behind  in  the 
payment  of  his  bills. 

As  a  supervisor,  you  don't  have  to  be  a  **know  it-it-all" 
to  solve  such  personal  problems.  Each  Air  Force  Base  has 
referral  agencies  that  specialize  in  various  fields. 
Therefore,  you  can  refer  the  troubled  worker  to  the 
appropriate  agency.  Some  of  these  agencies  are  the  Legal 
Office,  Red  Cross,  Social  Actions,  Education  Office,  Drug 
Information,  Chaplain,  Career  Advisor,  and  Family 
Services.  Still,  it  is  your  responsibility  as  a  supervisor — no 
one  else's — to  find  out  the  real,  underlying  problem.  An 
important,  fundamental  tool  which  you  can  use  to  do  this  is 
the  counseling  interview. 

The  Counseling  Interview.  The  interview  is  the  heart  of 
the  counseling  process.  Why?  Because  it  is,  usually,  only 
while  the  counseling  interview  is  in  process  that  the 
counselor  and  counselee  meet  directly,  personally,  and 
jointly  to  discuss  and  attempt  to  resolve — or  at  least 
alleviate — the  counselee's  problem.  Since  good 
interviewing  is  essential  to  effective  counseling,  every 
supervisor  should  be  familiar  with  its  basic  principles. 
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These  principles  include  preparing  for  the  interview, 
conducting  the  interview,  closing  the  interview,  evalu  iing 
the  success  of  the  interview,  recording  the  interview,  and 
following  up  on  the  interview. 

Preparing  for  the  interview.  In  getting  ready  for  the 
interview,  you  should  collect  all  the  information  possible 
about  'he  counselee.  You  should  choose  a  nice  quiet  place 
to  meet  where  there  are  no  interruptions  and  you  should  get 
yourself  mentally  ready. 

Beginning  the  interview.  When  you  begin  the  interview, 
it  is  important  that  the  counselee  be  provided  with  relief 
from  distrust,  tension,  and  insecurity.  To  this  end,  certain 
techniques  are  valuable. 

Establishing  rapport  (harmony).  "Rapport"  can  be 
defined  as  that  atmosphere  of  understanding,  mutual  trust, 
and  confidence  that  enables  people  to  work  together 
effectively.  Regarding  rapport,  the  initial  meeting  between 
the  counselor  and  counselee  is  often  of  crucial  importance. 
You  can  **help  things  along"  by  rising  to  your  feet, 
smiling,  extending  your  hand  when  the  situation  demands, 
and  stepping  forward  to  meet  the  counselee.  If  you  do  these 
things  sincerely,  you  will  go  a  long  way  toward  gaining  the 
confidence  and  overcoming  any  defensiveness  the 
counselee  may  feel  at  the  outset. 

Conducting  the  interview.  During  the  interview,  listen 
attentively  to  the  counselee.  Counselors  must  listen!  This  is 
basic.  It  is  likely  that  they  will  learn  very  little  by  talking 
themselves,  but  they  may  learn  a  great  deal  about  people  by 
listening  to  everything  they  have  to  say.  In  fact,  numerous 
studies  made  in  public  schools  and  in  private  industry  have 
shown  that  one  of  the  most  frequent  enors  made  by 
professional  counselors  is  that  they  talk  too  much  and  listen 
too  little.  After  all,  conununication  is  a  two-way  process, 
but  the  most  important  input  is  that  of  the  counselee.  As  the 
interview  develops,  you  should  follow  this  four-ste^ 
procedure: 

(1)  Analyze  the  problem  and  situation  tl.oroughly. 

(2)  Define  the  limits  of  the  problem. 

(3)  List  any  referral  sources  needed. 

(4)  Outline  a  course  of  action  for  solving  the  problem. 

Closing  the  interview.  If  it  is  possible,  have  the  counselee 
summarize  the  interview.  If  tliC  counselee  is  cooperating  in 
the  counseling  process,  you  may  succeed  in  getting  him  or 
her  to  summarize  what  has  been  learned.  Still,  if  the 
counselees  fails  to  cooperate,  you  may  need  to  make  the 
summary  yourself. 

Evaluating  the  success  of  the  interview.  Inunediately 
after  the  interview,  you  can  take  stock  and  quietly 
congratulate  yourself  on  having  been  successful  to  some 
degree  if  the  counselee  leaves  with: 

a.  Apian  of  action. 

b.  A  feeling  of  accomplishment. 

c.  The  feeling  that  he  or  she  may  return  at  any  time. 


Recording  the  interview.  Use  the  appropriate  evaluation 
form  to  record  information  that  you  get  during  the 
interview.  Usually,  it  is  considered  best  not  to  make  notes 
during  the  interview.  But  immediately  after  the  interview, 
you  should  record  the  information  in  some  way  so  that  you 
will  remember  all  the  points  covered. 

Following  up  the  interview.  At  this  point,  you  DO  what 
you  told  the  counselee  you  would  do  to  follow  up  on 
progress.  Frequently  counselors  check  just  superficially, 
noting  that  some  improvement  was  made.  This  will  not 
suffice.  Your  follow  up  should  be  a  thorough  investigation 
to  determine  whether  or  not  the  counselee 's  actions  are  the 
ones  agreed  upon  during  the  interview.  When  following 
through  in  this  manner,  you  may  find  a  need  for  further 
consultation.  Then  you  can  assist  the  counselee  to  continue 
on  a  satisfactory  course  of  action. 

Exercises  (052): 

1 .  Write  T  for  true  or  F  for  false  beside  each  letter-coded 
item  related  to  the  problems  of  the  individual  and  the 
supervisor  which  can  lead  to  the  setting  up  of  a 
counseling  interview  between  them. 

 a.  Workers  with  problems  that  they  can't  manage  may 

bring  them  on  the  job  with  them. 
 b.  As  a  supervisor-counselor,  you  can  help  workers 

with  problems  most  by  discovering  the  real  reason 

for  their  problems,  then  help  them  resolve  the 

problems. 

 c.  It  helps  for  supervisor-counselors  to  be  **know-it- 

alls*'  as  they  try  to  solve  their  workers'  personal 
problems. 

 d.  Supervisors  can  refer  Uoubled  workers  to  various 

referral  agencies  on  base  who  are  better  able  to  help 
them  resolve  their  proble us  than  the  supervisor. 

 e.  In  any  case,  it  is  the  supervisor's  responsibility 

still — no  one  else's — ^^o  find  out  the  real, 
underlying  problem. 

2.  Read  the  following  problem  situation,  which  is  based 
on  a  personal  problem  of  AlC  Jim  Johnson  who  works 
for  you.  On  a  plain  sheet  of  paper,  list  the  steps  you 
will  follow  to  solve  this  problem. 
Situation:  You  are  supervisor  of  the  electric  shop.  AlC 
Johnson  works  for  you.  His  records  indicate  that  he  is 
highly  qualified  to  do  the  job.  But,  lately,  he  has  been 
wearing  vmnkled  uriiforms  and  often  needs  a  haircut 
and  shave.  He  if  also  perfonning  below  his  capability, 
seems  sleecy  l  ozt  of  iiiC  vime,  and  complains  of 
having  too  T.iany  biUs  to  pay.  How  are  you  going  to 
handle  this  pj  oblem? 


In  the  final  analysis,  the  best  criterion  for  evaluating  the 
success  of  any  interview  is  the  results  obtained.  The  results 
arc  beneficial  when  the  counselee*s  problem  no  longer 
exists  or  when  a  satisfactory  adjustment  has  been  made,  so 
that  the  condition  no  longer  negatively  affects  the  person's 
achievement. 
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053.  Specify  important  considerations  in  determining 
and  using  performance  standards. 

Performance  Stai^darfls.  Woikers  have  a  right  to  knc 
what  their  supervisors  ex^^ect  of  them.  They  should  be  told 
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how  their  work  is  to  be  judged.  The  purpose  of  performance 
standards  is  to  define  the  quality  and  quantity  of  work  that 
must  be  put  into  a  job  for  it  to  be  satisfactorily  completed. 

Determining  standards.  Performance  standards  should  be 
reahstic  and  practical.  Quite  often  people  have  difficulty 
when  they  set  up  standards  because  they  put  too  much 
emphasis  on  the  operating  details  of  the  job  rather  than  on 
the  results.  The  objective  should  be  to  set  levels  of 
performance  thai  will  get  the  unit's  mission  done. 
Reasonable  standards  stimulate  people  to  work.  Workers 
are  neither  overloaded  nor  underloaded.  Thus,  when 
workers  complete  a  job  that  is  based  on  a  reasonable 
standard,  they  have  a  sense  of  satisfaction  of  a  job  well 
done.  When  workers  are  overloaded,  there  are  accidents, 
errors,  fatigue,  high  turnover  of  personnel,  resentment,  and 
slowdown.  The  situation  is  just  as  bad  when  workers  do  not 
have  enough  to  do.  The  results  here  are  usually  mischief, 
too  high  a  cost  of  operation,  grievances,  and  absenteeism. 
The  factors  of  worker  overload  and  underload  are  important 
when  you  set  up  the  level  of  performance  standards. 

Performance  standards  for  each  work  operation  must 
describe  what  is  acceptable  performance.  They  should  be 
set  at  the  level  of  performance  that  can  be  expected  of  any 
qualified,  competent  worker.  Woricers  become  frustrated 
and  will  quit  trying  to  reach  a  goal  if  the  performance  level 
is  set  too  high.  The  requirement  must  be  at  a  level  that  can 
be  reached  by  average  workers.  There  should  be  room  for 
exceptional  workers  to  perform  above  the  requirement. 

Do  not  base  the  requirement  level  upon  the  performance 
of  the  worker  who  is  now  assigned  to  the  position.  This 
would  assume  that  the  worker  is  meeting  all  the 
requirements  of  the  position  at  an  acceptable  level.  If  such  a 
woricer  has  unusually  high  qualifications,  it  will  penalize 
other  workers*  outstanding  performance  as  being  only 
satisfactory,  and  penalizes  future  workers  who  are 
competent  but  not  outstanding  by  rating  their  performance 
as  unacceptable.  On  the  other  hand,  if  the  worker's 
performance  is  actually  not  good,  the  established  level  of 
satisfactory  performance  will  be  too  low. 

Another  thing  that  you  must  consider  when  you  are 
determining  performance  standards  is  the  fact  that  all 
workers  do  not  produce  an  identical  amount  and  quality  of 
work.  Rather,  there  is  a  range  of  performance  which  should 
be  considered  as  acceptable.  Performance  that  is  below  this 
level  is  below  average  and  may  possible  be  unacceptable. 
Performance  that  is  above  this  level  is  considered  above 
average  and  may  possibly  be  outstanding.  The  established 
range  should  be  realistic. 


You  can  use  the  following  procedures  to  set  up 
performance  standards: 

a.  Select  the  tasks  or  major  woric  factors  of  the  job. 

b.  Decide  tentatively  what  is  reasonable  to  expect  as  to: 

(1)  Quantity  of  results  in  a  givun  time. 

(2)  Quality  of  results  in  terms  of  how  well  the  job  must 
be  performed. 

(3)  Manner  of  performance. 

c.  Discuss  tentative  re-quirements  with: 

(1)  Workers  assigned  to  the  job. 

(2)  \  our  supervisors. 
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(3)  Other  supervisors  who  determine  requirements  for 
the  same  type  of  operation. 

d.  Check  the  possible  effect  of  existing  requirements  in 
relation  to: 

(1)  Trade  or  craft  requirements. 

(2)  Management  data. 

(3)  Requirements  of  higher  echelons. 

e.  Review  and  formulate  firm  requirements  that  are  fully 
understood  by  all  workers  affected. 

Using  performance  standards.  Performance  standards 
must  be^  used  to  be  of  any  benefit.  You  must  weigh  the 
workers'  performance  continually  against  the  standards  and 
discuss  it  with  them  from  time  to  time.  You  must  then  take 
action  consistent  with  the  workers'  performance  by  (1) 
giving  recognition  to  workers  who  exceed  the  standards,  (2) 
helping  workers  who  are  below  the  standard^i  by  added 
training  or  other  appropriate  means,  and  (3)  motivating 
workers  who  are  doing  acceptable  work  to  get  them  to 
perform  better  if  they  are  capable. 

Several  distinct  benefits  can  be  realized  from  the  proper 
use  of  realistic  performance  standards.  They  set  what  is  the 
least  acceptable  production  goals  for  each  worker.  These 
goals  help  to  give  your  workers  a  better  attitude  toward  the 
work  situation  because  they  tend  to  create  greater  job 
satisfaction.  Other  advantages  are  these:  they  provide  a 
sound  basis  for  estimating  future  work  capacity;  they 
provide  data  for  planning,  organizing,  and  assigning  work; 
they  provide  a  basis  for  determining  who  needs  more 
training  and  how  much;  and  they  provide  a  sound  basis  for 
personnel  actions,  and  formal  ratings  such  as  APR's. 

Exercises  (053): 
1 .  State  the  propose  of  setting  up  performance  standards . 


2.  Give  two  precautions  that  should  be  taken  when  setting 
up  performance  standards  for  a  job. 


3.  If  standards  are  set  up  that  cause  workers  to  be 
overloaded,  what  effects  are  likely  to  show  up  on  the 
job? 


4.  What  usually  happens  whi.  i  job  standards  are  set  too 
low? 


5.  State  the  level  of  performance  that  should  be  set  for  a 
job, 
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6.  Why  should  you  be  careful  not  to  use  the  worker  now 
doing  the  job  as  your  standard  when  setting 
performance  standards? 


7.  State  how  you  should  allow  for  the  fact  that  all  workers 
do  not  produce  the  same  amount  and  quality  of  work 
when  you  develop  performance  standards. 


8.  When  setting  up  a  job  performance  standard,  whose 
opinions  should  be  considered? 


9.  Once  you  have  established  performance  standards, 
how  do  you  benefit  from  them? 


10.  List  four  benefits  that  you  can  gain  from  the  proper  use 
of  realistic  performance  standards. 


054.  State  the  procedures  used  to  get  valid  performance 
ratings  to  evaluate  the  performance  of  an  airman  and 
the  requirements  for  submitting  Airman  Performance 
Reports. 

Evaluation  of  Subordinate  Personnel.  You  as  a 

supervisor  must  be  willing  to  accept  all  the  responsibilities 
that  go  with  supervision.  Often,  one  of  the  more  difficult  of 
these  responsibilities  is  the  evaluation  of  your  personnel  and 
the  preparation  of  performance  ratings.  Many  supervisors 
dread  having  to  carr>'  out  this  part  of  their  jobs  because,  in  a 
good  deal  of  cases,  the  results  leave  much  to  be  desired.  On 
occasions,  tempers  flare,  words  fly,  and  friendly  working 
relationships  that  are  needed  for  goc  performance  are  lost 
Or  disrupted. 

Some  of  the  difficulties  involved  in  the  rating  of 
personnel  are  relieved  if  the  supervisor  has  prepared  for  the 
task.  Probably  the  first  and  most  important  way  to  prepare 
your  people  for  rating  is  to  make  sure  that  they  understand 
the  performance  standards  expected  of  them.  When  this 
aspect  of  their  job  is  made  clear,  early  in  their  assignment, 
they  are  not  too  apt  to  plead  ignorance  at  rating  time.  An 
occasional  suggestion  or  reminder  is  useful  when  some 
individuals  tend  to  relax  their  standards.  Also,  an  interview 
or  counseling  session  proves  valuable  at  times  to  improve 
attitudes,  performance,  or  interest  in  becoming  more 
skillful. 

Airman  Performance  Reports  (APR'«).  The  basis  fo^ 
rating  is  observation,  evaluation,  and  reporting.  First,  it  is 
necessary  that  the  performance  of  tlie  individual  be 
observed.  These  observations  should  be  made  over  a  long 
enough  period  of  time  to  be  sure  that  typical  performance  is 
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observed.  This  consists  of  direct  observation  of  the 
person's  behavior,  performance  of  duty,  and  work  quality. 
If  you  can  not  make  direct  observations,  you  should  try  to 
get  meaningful  information  from  as  many  sources  as 
possible. 

Following  your  observations,  you  must  evaluate  the 
typical  performance  of  the  individual  against  an  acceptable 
standard.  Do  not  place  too  much  emphasis  on  isolated 
instances  of  either  poor  or  outstanding  behavior.  The 
significance  of  the  event,  as  well  as  how  often  it  occurs, 
must  be  weighed,  to  help  you  make  up  your  mind  on  how 
well  it  represents  the  total  performance.  Each  person  must 
be  judged  in  comparison  with  other  persons  who  serve  in 
the  same  grade  and  job. 

After  you  have  made  your  observation  and  evaluated  the 
individual,  you  can  write  the  performance  report.  The 
report  should  be  made  as  objective  as  possible  on  the  basis 
of  your  observations. 

Performance  reports  are  normally  required  when  there 
has  not  been  a  report  submitted  for  1  year.  Reports  are  also 
required  when  there  is  a  change  in  the  rating  official,  or 
when  the  individual's  performance  requires  a  referral 
report.  Prior  service  enlistees  must  have  an  APR  prepared 
120  days  after  enlistment.  Submission  requirements  arc 
ouUined  in  Table  3-1  of  AFR  39-62,  Noncommissioned 
Officer  and  Airman  Performance  Report, 

Reports  arc  to  be  made  by  a  rater  called  the  reportmg 
official.  This  official  is  a  commissioned  officer, 
nonconunissioned  officer,  a  senior  airman,  or  a  civilian  in 
the  grade  of  GS-4  or  higher.  The  rater  is  usually  the  ratee's 
immediate  supervisor.  Indorsements  generally  follow  the 
chain  of  supervision.  That  is,  the  first  indorser  is  the  rater's 
rater,  the  second  indorser  is  the  first  indorser's  rater,  and  so 
on. 

Performance  reports  arc  not  to  be  used  as  a  means  of,  nor 
as  a  basis  for,  disciplinary  action.  The  reports  become  a  part 
of  the  personnel  records  kept  on  an  NCO  or  airman  for 
administrative  purposes.  They  contribute  information 
concerning  the  individual's  duty  performance,  which,  with 
the  rest  of  the  individual's  personnel  record,  is  used  as 
reference  to  such  personnel  actions  as  promotion, 
classification,  and  assignment. 

Referral  report.  A  report  that  contains  any  ratings  in  the 
lowest  block  (excluding  Not  Observed)  in  any  one  item  of 
section  III  or  an  overall  evaluation  of  0  or  1  in  section  IV  is 
a  referral  report.  Any  comments  in  the  APR,  or 
attachments,  that  refer  to  conduct  incompatible  with  Air 
Force  standards  of  personal  conduct,  character,  or  integrity 
arc  also  referral  reports.  Referral  reports  can  also  be  written 
for  below  standard  duty  performance,  dress,  bearing, 
judgment,  leadership,  supervisory  responsibilities,  or 
nonreconmiendation  for  promotion  orrcenlistment.  If  there 
is  a  doubt  as  to  whether  the  APR  is  a  referral  report,  it 
should  be  made  a  referral  report. 

Outstanding  report.  An  APR  containing  an  entry  by  any 
rating  official  in  the  highest  rating  box  (box  9)  in  section  IV 
is  considered  outstanding.  The  APR  rating  reported  by  th^* 
final  indorsing  official  is  (  e  rating  that  goes  into  the 
computerized  Personnel  Data  ystem  (PDS). 


Exercises  (054): 

1 .  Why  do  many  supervisors  find  rating  their  personnel  a 
difficult  job? 


2.  How  can  you  prepare  your  workers  for  rating? 


3.  What  are  the  basic  requirements  to  develop  a  valid 
rating? 


4.  How    should    your    observation    of    the  ratee's 
performance  be  made  for  best  results? 


5.  Explain  why  you  should  not  rate  the  worker  on  isolated 
obsep/ations. 


6.  Who  prepares  the  APR  on  an  airman? 


7.  When  would  a  ratee  be  shown  an  APR  before  it  is 
completed? 


8.  When  are  APR's  normally  submitted? 


9.  What  type  of  APR  is  it  when  the  overall  rating  is  1 ; 


10.  If  the  rater  rates  the  individual  as  outstanding  (9)  and 
the  third  indorsing  official  (final)  rates  the  individual 
as  8,  what  is  the  computerized  rating  of  the  APR? 


055.  State  the  procedures  that  apply  to  the  preparation 
of  APR and  identify  the  correct  form  to  use. 


Forms  Used.  The  forms  used  in  preparation  of  an  APR 
will  depend  on  the  airman's  grade.  The  forms  to  be  used  are 
as  follows: 

a.  AF  Form  909,  Airman  Performance  Report,  is  used  to 
rate  Senior  Airman  (SRA),  Airman  First  Class  (AlC), 
Airman  (Amn),  and  Ainnan  Basic  (AB). 


b.  AF  Form  910,  TSgt,  SSgt,  Sgt  Performance  Report  is 
used  for  Technical  Sergeants  (TSgts),  Staff  Sergeants 
(SSgts),  and  Sergeants  (Sgts). 

c.  AF  Form  911,  CMSgt,  SMSgt,  MSgt  Performance 
Report,  is  used  for  Chief  Master  Sergeants  (CMSgts), 
Senior  Master  Sergeants  (SMSgts),  and  Master  Sergeants 
(MSgts).  Instruction.  For  instructions  on  how  to  fill  out 
these  forms  refer  to  Chapter  4  of  AFM  39-62.  Figures  3-2, 
3-3,  3-4,  and  3-5  show  forms  you  will  use,  along  with  a 
statement  in  each  block  of  the  form,  and  will  give  you  an 
idea  of  what  information  to  fill  in.  It  is  relatively  simple  to 
fill  out  but  for  specific  instructions  or  questions,  always 
refer  to  the  regulation  as  a  guide. 

Type  the  APR  if  possible.  Otherwise,  print  or  legibly 
write  the  entries  in  black  or  dark  blue  ink.  No  corrections  or 
erasures  are  permitted  in  Section  III  and  IV  of  the  report. 
Corrections  or  erasures  made  on  other  parts  of  the  report  are 
authorized  as  long  as  there  aren't  too  many.  If  the  change 
change?'  sentence  structure  or  meaning,  it  must  be  initialed 
by  the  e  valuator  who  makes  the  change . 

Letter  of  Evaluation  (LOE).  Sometimes  a  rater  does  not 
have  a  chance  to  fully  observe  a  subordinate's  performance 
and  personal  qualities  during  the  reporting  period.  For 
example,  the  rater  may  change  and  there  was  not  enough 
time  passed  since  the  closeout  date  of  the  last  APR  to 
require  the  submission  of  another  APR.  Another  example 
would  be  when  duty  was  performed  under  the  supervision 
of  someone  other  than  the  rater  for  part  of  the  reporting 
period.  In  either  case  a  LOE  is  submitted.  Conditions  that 
determine  when  to  obtain  or  write  an  LOE  are  in  Table  3-4 
of  AFR  39-62  along  with  rules  that  apply  to  LOEs.  One  of 
the  more  common  rules  that  may  apply  to  you  is  that  LOEs 
must  be  submitted  if  the  period  of  supervision  is  more  than 
60  days  but  less  than  120  days. 

LOEs  along  with  additional  indorsements  and 
continuation  sheets  are  submitted  on  AF  Form  77, 
Supplemental  Evaluation  Sheet.  An  example  of  Af  Form  77 
is  in  Figure  3-6.  Use  the  same  procedures  to  fill  out  this 
form  as  you  do  on  the  APR  forms. 


Exercises  (055): 

1.  Place  the  form  number,  909  ,  910,  911,  or  77,  in  the 
space  provided  to  show  the  form  used  for  the  situation 
described  below. 


.a. 


on  active  duty  for  12 


An  airman  who  has  been 
months  is  due  an  APR. 
Major  Neal  is  required  to  write  SMSgt  Blackman's 
APR. 

You  write  SRA  Watt's  APR. 

SRA  Brown's  APR  is  due  on  March  5  and  he  will 
be  promoted  to  Sgt  on  March  1 . 
Sgt  Anderson  has  be  in  under  your  supervision  for 
73  days  and  has  received  a  PCS  assignment. 


78 
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91 


"ratEE  IPENTIFiCATION  DATA         (Read  A '^R  3*^-627 VoUf  curt/UUy  before  compltttng any  item.} 


T      NAME  </.««f,  r#rif.  MuliUv  Initial} 


Watt^>  Betty  J»  

ORGANIZATION,  COMV^^*:©.  LOCATION  ANO  f»/ 

CODE 


2.  SSAN 

OOQ-00-0000 


»  5.  FERIOO  OF  RCP3RT  ANO  SUFCR  VtmiON 


35th  Cmbat  Support  Group  (TAC) 
George  AFB  California 
GB0TFD4J 


FROM 

12  Dec  77 


THROUGH 


13  Aug  78 


7.  FAr»C 

81150A 


NO.  or 

DAYS 

190 


I.  DAFSC 

73250 


.  GRAOK 

AlC 


«.  REASON  FOR  RCFORT 


CHANOK  or  piater 


ANNU  At- 


OIRCCTCD  BY 

HQ  USAF 


73250 


.   JOB  DESCRIPTION    wiug/Base  Records  Clerk.     Responsible  for  the  filing  and 
maintenance  of  approximately  400  Unit  Personnel  Records  Groups.  Prepares 
"Statements  of  Service".   Conducts  records  reviews.  Assists  NCOIC  in 


controlling  access  to  Unit  Personnel  Records  Groups. 

III.    EVALUATION  OF  PERFORMANCE 

1,    PKRKCRMANCEOF  DUTY:  Consider  Ihe 

RATER 

X 

quantity,  quality,  and  timeliness  of  duties  per- 
formed as  described  in  Section  11> 

1ST  INDORSER 

N/O 

O 

1 

2 

a 

4 

s 

« 

7 

a 

• 

2.    HUMAN  RF.LATIONS:  Consider  how  well 

RATER 

O 

1 

2 

3 

4 

s 

« 

7 

• 

ratee  supports  and  promotes  equal  opportunity, 
shows  concern  and  is  sensitive  to  needs  of  others. 

1ST  INDORSER 

X    LEARNING  ABILITY:  Consider  how  well 
ratee  grasps  Instructions,  communicates  (oral 
and  written),  and  understands  principles  and 
concepts  related  to  the  job. 

RATER 

X 

N/O 

O 

1 

X 

3 

4 

s 

« 

7 

• 

1ST  INDORSER 

>< 

4.    SIXF-IMPROVEMENT  EFFORTS:  Consider 
how  well  ratee  progresses  in  on*the>job  training 
and  in  other  efforts  to  improve  technical  know* 
ledge  and  educational  level. 

RATER 

X 

N/O 

O 

1 

2 

3 

4 

s 

« 

7 

a 

• 

1ST  INDORSER 

5.  ADAPTABILITY  TO  MILITARY  LIFE: 
Ci>nsiaer  how  well  ratee  adapts  and  conforms  to 
the  requirements  of  military  duties  not  directly 
related  to  the  joh. 

RATER 

1 

X 

N/O 

O 

1 

2 

3 

4 

s 

« 

7 

a 

• 

1ST  INDORSER 

X 

6.  BKARING  AND  BEHAVIOR:  Consider  the 
degree  to  which  ratee's  bearing  and  behavior  on 
and  off  duty  improve  the  Image  of  Air  Force 
airmen. 

RATER 

mn 

«H 

N/O 

O 

1 

2 

3 

4 

s 

• 

a 

• 

1ST  INDORSER 

•  R 

BH 

IV.    OVERALL  EVALUATION  

How  does  the  ratee  compare  with  others  of  the 
^'\mt  grade  and  Air  Force  specialty?  Potential  for 
promotion  and  Increased  responsibility  are 
essential  considerations  in  this  rating. 

RATER 

1     O     1      ,      1     »     1      ,     1     «     I     5      1     .      1     7     1     .      1  . 

1            1             1            1            1           1            IXI           1  1 

1ST  INDORSER 

1     1      1     1     1     1     IXI     1  1 

2D  INDORSER 

1            1      1      1      1            IXl  1 

3D  INDORSER 

r 

1           1  i 

1    1    1    CXI  1 

AF    SEP  7»  ®^  PREVIOUS  EOITIONS  ARE  OBSOI.CTC. 


(Airman  Basic  thru  Senior  Airman) 


Figure  3-2.  AF  Form  909. 
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t.      WATEE  IDENTIFICATION  OATA 

%       NAMC  f/.uxt.  t  'int,  MiiUtlv  luitialf 

SELLMAN,  JAMES  S. 


(R0ad  AFR  S9  62,  Vol  A  care/UUy  before  completing  any  item.) 


ORGANIZATION.  COMMAND.  UOCATION  AND  l*AS 
CODC 

35th  Cmbt  Spt  Gp  (TAG) 
George  AFB  Galifornia 
GB0TFD4J 


II.     JOB  DESCRIPTION: 


'  ooo-oo-oooo 


5    FCRIOOOF  REPORT  A  N  O  SU  PC  R  V  tSIO  N    6.  REASO 


FROM 

14  Aug 

77 

THROUGH 

5  Jun 

7.  PArsc 

78 

73270 


NO.  OF 
OA  VS 

222 


3  GRADE 

TSGT 


►  OR  REPORT 


CHANGE  OF  RATER 


ANNUAL. 


oiRECTCo  av 


73270 


9.  CAFSC 

73270 


Wing/Base,  NGOIG,  Records  Unit,     Responsible  for  insuring  the 
accountability,  maintenance  and  control  of  approximately  5500  Unit  Personnel 
Records  Groups •     Schedules  and  conducts  records  reviews.     Provides  required 
support  to  the  remaining  units  within  the  GBPO,     Supervises  eight  personnel. 
Prior  Duty;     DAFSC  -  73270,  Wing/Base,  NCOIC,  Separations  Unit. 


III.    EVALUATION  OF  PERf6RMANCE 


I.    PI:k|  C)RMANCE  or  »UTY:  CuntMcr  the 
KUtntiiy.  qutlUy.  and  timalincM  uf  duties 
pvfformcd  as  described  in  Section  II. 


2.    HUMAN  RHLATIONS:  Cnnslder  how  wall 
ratee  supports  and  promotes  equal  npportunity. 
•nnwi  ionccrn  and  Is  sensitive  ti>  needs  of  others. 


3.   TKAlNlNCi:  Consider  huw  well  responsi- 
bilities are  discharfed  as  an  OJT  supervisor  or 
trainer  snd  in  on  her  efforts  tn  Improve  technical 
knowlcdf a  and  educational  level. 


RATER 


1ST  INDORSER 


N/O 


IS 


RATER 


1ST  INDORSER 


1^ 


RATER 


1ST  INDORSER 


X 

0 

1 

2 

3 

4 

9 

C 

7 

a 

0 

X 

4.    SUI>|:KVISI0N:  Cnnsider  how  well  ratee 
Rupervlttfs.  leads,  uses  available  resources, 
communicates  (ural  and  writtan).  and  maintuins 
good  firder  and  discipline. 


RATER 


1ST  INDORSER 


N/O 


5.    Af.'CKKTANCK  Ol-  NCO  RUSK>NSIBILITY: 
Cunsidtr  ratee *s  acceptance  of  responsibility  for 
personal  actions  and  thusa  of  subordinates. 


RATER 


1ST  INDORSER 


0 

1 

2 

3 

4 

9 

• 

7 

6.    UIIAKING  AND  br:MAVlOK:  Consider  tha 
def  rcc  to  tvhich  ratee *s  baaring  and  behavior  nn 
and  off  duty  improve  tha  Imaga  uf  Air  Force 
noncummtesluned  officers. 


RATER 


1ST  INDORSER 


IV«   OVERAtt  EVAtUATlON 


0 

1 

2 

1 

J 

4 

S 

• 

7 

a 

How  does  the  ratee  compare  with  others  uf  the 
same  grade  and  Air  Force  specialty?  Potential 
fi»r  promotion  and  Increased  responsibility  are 
essential  considerations  in  this  rating* 


AF  :;;r.  910 


RATER 


izr 


1ST  INDORSER 


2D  INDORSER 


so  INDORSER 


FT 


I 


HXD 


TSGT,  SSGT.  SGT  PERFORMANCE  REPORT 


Figure  3-3.  AF  Form  910. 
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I.      RATEE  IDENTIFICATION  DATA 


(Read  AFH  39-62^  Voi  I,  cartfitUy  before  completing  any  hemj 


NAME  (Last,  Flnt,  Middle  Initial} 
TURVEY,  DENNIS  R. 


ORGANIZATION.  COMMANO.  UOCATtON  ANO>PAS 


35th  Cmbt  Spt  Gp  (TAG) 
George  AFB  CA 
GB0TFD4J 


SKAN 

000-00-0000 


B.  PKPIlOO  or  RKPORT  ANO  SUPKRVISION 


FROM 

lA  Aug  77 

NO.  or 

OAVS 

330 

CHANCE  or  RATKR  | 

X 

ANNUAL  1 

THROUOH 

13  Aug  78 

OIRCCTCO  BY  1 

7.  rArsc 

81199 


SMSRt 


•  .  RCASON  FOR  RCPORT 


,  OArsc 

73299 


».  CAFBC 


73299 


JOB  OESCRIPTION;    Wing/Base,  NGOIG,  Gustomer  Assistance  Section.     Reviews  and 
controls  all  incoming  correspondence,  establishes  priorities,  and  ensures  timely 
completion  of  all  tasks.     Administers  casualty  services  and  military  and  personal 
affairs  programs.     Exercises  general  management  over  three  units:     Gustomer  Service 
Unit,  Records  Unit  and  Personal  Affairs  Unit.     Supervises  six  personnel.  Additional 
Duty:     Squadron  Security  NGO. 


HI.    EVALUATION  OF  PERFORMANCE 


I,  PI:HI  OHMANCL  OK  DUTY:  Consider  the 
quatuity.  quality,  and  timeliness  of  duties  per- 
formed as  described  in  Section  II. 


2.    HUMAN  HMi  ATIONS:  Consider  how  well 
ratee  suppurts  MnJ  prntnutes  equal  opportunity, 
shuws  concern  and  \s  sensitive  to  the  needs  of 
others. 


3.  iJlNli:  Consider  hi>w  well  responsi' 

bilitu     .  ?  discharged  as  an  OJ'f  supervisor  or 
trainer  and  in  other  efforts  to  improve  technical 
Icnowledge  and  fducati(>nul  level. 


RATER 


1ST  INDORSER 


RATER 


1ST  INDORSER 


RATER 


1ST  INDORSER 


N/O 


o 

t 

2 

3 

4 

9 

C 

7 

ft 

-  o 

1 

2 

3 

4 

X 

o 

1 

X 

S 

4 

S 

a 

7 

>< 

4.    KXHCUTIVK  ABILITY.  Consider  r^tee's 
judgment,  decisiveness,  ability  to  communicate 
(orul  and  written),  and  efectivencss  in  supar. 
vising  und  leading. 


RATER 


1ST  INDORSER 


N/O 


m 


>gi — I 


5.    ACCKI'TANCI  ()l  NCO  KHSI'ONSIBILITY: 
Consider  ralee's  acceptance  of  respun>ibility  for 
perMtnal  actions  and  tho:e  of  subordinates. 


RATER 


1ST  INDORSER 


6.    Bl- AHINl*  AND  BK.IIAVIOK:  Consider  the 
degree  t(»  which  ratee's  bearing  and  behavior  on 
and  off  duty  improve  the  image  of  .^ir  Force 
noncommissioned  officers. 


RATER 


1ST  INDORSER 


N/O 


X 

0 

t 

a 

J 

4 

ft 

ft 

7 

>< 

0 

t 

2 

3 

4 

7 

a 

IV.    OVERALL  EVALUATION 


How  does  the  ratee  compare  with  others  of  the 
same  grade  and  Air  Force  specially'.'  Potential 
for  promotion  and/or  increased  responsibility 
are  essential  considerations  in  this  rating. 


RATE"^ 


1ST  INDORSER 


2D  INDORSER 


3D  INDORSER 


1       a  J 


7  •  » 


AF    sEPTft  FRKVIOUS  KOITIONB  ARK  0»«OUKTK. 


CMSGT,  SMSGT,  MSGT  PERFORMANCE  REPORT 

BE'911 


Figure  3-4.  AF  Form  911. 
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RATER'S  COMMENTS    rMLia  MMU  bHhulHC  ALlHl  LVkMLNTS : — niustrate  the  way  the  ratee 

"2^  "^^9ned  or  not  assigned  "^dHoT^ 

recapitulate  duties  performed;  tell  how  the  ratee  performs.  STRENGTHS:  Describe 
5E?oSM?SDES^l[MPpK?ST°IoJfl  individual's  performance  deserving  sJec  al  noU 
dlSJ?les    ?aJus    LJ'^h'^hi.c^^'''^^  'P^'^^^  ^^f*^^""  references  Sre  to  serious 
™fl!e  .  f?i*  faults,  bad  habits,  or  to  occasional  tendencies.  The  value  of  such 
comments  will  be  vastly  Increased  If  they  Include  an  Indication  of  what  oroaress 
^ttSn^^K  """ult  of  bringing  the  weaknesses  to  tSe  TndividJIrl  * 

rijpr^^?  /^^^"""^  Kh^S^ri^S        '"«P°''*-  ^"  ""<l«r  this  heading  does  not  require 

referral  (paragraph  3-10)  unless  It  contains  conments  of  the  tvoe  defined  in 
paragraph  2-9c.  EDUCATIONAL  AND  TRAINING  ACCOMPLIShSen?S:  ConiS^S?  Snin?  special 
training  or  courses  of  instruction  the  ratee  completed  or  actively  parti clKted  in 
?rIn^iJ^\rP°'"^^"3  e^""^"**-  ^^^^  includes  off-duty  educatlona^achieSemlntr 

ilef '^ile?hIr*a^°Tn^T°"  manner  In  Which  the  ratee  di scharges  OJT  relpoSSiii- 
tles,  whether  as  an  OJT  supervisor,  trainer  or  trainee.  SUGGESTED  ASSIGNMENTS-  AddIv 
cSS5e5?1  "Jj^Ildf  tJJf  individual  for. subsequent  utilization.  Be  s?ec  ?r  o?HE^'^  '^ 
COMMENTS:  Include  those  conments  required  by  paragraph  4-6b(2).  Add  any  coiments 

paJag?api;1-j2?'^  "^^'^        *°  aJid  whi?h  a?e  no?  pi^hJSTte^bJ 


N AMC.  ORADB.  BRANCH  OF  SKRVICK.  ORQANISATION 
COMMAND  AND  LOCATION 

RICHARD  L.  MURPHY,  CMSgt.  USAF 
35th  Cmbt  Spt  Gp  (TAC) 
George  AFB,  California 

***'Ass{r*l!h1ef,  Customer 
Assistance  Section 

DATK 

13  Aug  80 

'ooo-oo-oooo          1  "VTl  . .         M.... L . 

VI.  ISTINDORSER-S  COMMENTS                                        □  C^NcUii                               «  nonconcur                '              T  7  

Indicate  concurrence  or  disagreement  with  the  report.    Significant  disagreement 

aJJ  cJ^n?s  till  S?l?"f'*'"*^'*!S  ''^                              I"  addition 
any  comments  that  will  Increase  the  value  of  the  report. 

NAMK.  ORAOK.  BRANCH  OF  SKRVICK.  ORO ANIZATION 
COMMAND  AND  k.OCATlON 

MICHAEL  C.  WHITE,  GS-9,  DAF 
35th  Cmbt  Spt  Gp  (TAC) 
George  AFB  CA 

VII.  20  ENDORSER'S  COMMENTS  n 

DUTY  TITLK 

Chief,  Customer 
J^ssistance  Sectinn 

DATK 

15  Aug  80 

IKIONATURK  ^  " 

000-00-0000         1  ^MmJ  r  OUjLtx 

w^.,-  — U  NONCONCUR 

Indicate  concurrence  or  disagreement  with  the  report.  Significant  dlsaareement 

ri^.n?r?S't"'"f^'l  substantiated  by  specific  cLnent    iS  ad5??1on^^ 

comnents  that  will  Increase  the  value  of  the  report.  'ntiuae  any 


NAMK.  ORAOK.  BRANCH  OF  SKRVlCK.  ORGANISATION 
COMMAND  AND  I.OCATION 

ROGER  S.  SALISBURY,  Major,  USAF 
35th  Cmbt  Spt  Gp  (TAC) 
George  AFB,  California 


VIII.  30  INDOR8ER  S COMMENTS 

THIS  SECTION  NOT  USED 


OUTV  TITLK 

Chief,  CBPO 


••AN 

UOO-OO-OOOOFR 


DATK 

15  Aug  80 


□  CONCUR 


□    NONCONCUR  f 


NAMK.  ORAOK.  BRANCH  OFKKRVlCK.  OROANISATION 
COMMAND  AND  k.OCATlON 


DUTY  TlTLK 


Figure  3-5.  Reverse  of  AF  Forms  909,  910,  and  91 1 . 
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i.  RATEE  IDENTIFICATIOM  DATA 


NAMK  (Last,  hirst.  Midair  ir^itint} 

Archer,  Walter  W 


s.  mSAN  (Include  suffix) 

000-00-0000 


CUWWKNT 


4.  OAP«C 

73270 


DUTY  TIT  UK  OR  TITUK  OP  SPKCIAU  OM  AOOITIONAU  DUTY 

Wing/Base  NCOIC,  Records  Unit  


I.  TYPE  OF  REPORT  (Check  appropriate  block  in  Part  A,)  (Complete  Part  B  as  required.) 


PPLKMKNTAU  SHKKT  (Complete  Part  B. 
Items  I  and  2  only.) 


HUKTrKit  OP  K VALUATION  (Complete  Part  B, 
Itsms  I  thru  4.) 


1.  PROM 

10  Mar  80 

a. 

THRO 

28  May  80 

a. 

RK(»ORT  IS 

B 

4. 

X 

CRO  CO  OR  MORE  DAYS  SUPKRVlSION 

SPKCIAU  OR  AODITIONAU  DUTY 

R  V.ABO  N 
PON 

PIPKUINK  STUOKNT 

RCPORT 

aKOaRAPHICAUSKPARATION/TOT 

OrHKR  -  KXPUAIN  IN  SKCTION  III 

Ml.  COMMENTS 

The  AF  Form  77  should  be  typed.    If  no  tyoewriter  is  available,  entries 
must  be  printed  or  legibly  written  in  reprcducible  ink  (black  or  dark 
blue  only).    In  all  cases,  confine  comnents  to  the  space  provided  or 
the  form.    Sign  the  original  in  reproducible  ink  (black  or  dark  blue 
only);  if  additional  copies  are  required  the  remaining  copies  may  be 
signed,  initialed,  or  stamped  "SIGNED."    When  rendering  an  LOE,  use 
the  heading  "FACTS  and  SPECIFIC  ACHIEVEMENTS"    followed  by  appropriate 
comments.    This  heading  is  mandatory  on  all  LOEs.    Omit  other  headings 
entirely  if  not  followed  by  comments.    Headings  must  be  entered  in  the 
order  shown  in  figure  3-3. 


iV.  EVALUATOR  IDENTIFICATION  DATA 


NAMK.  ORAOK.  BRANCH  OP  SKRVICK. 
ORGANIZATION.  COMMAND,  LOCATION 

ROGER  S.  SALISBURY,  Major,  USAF 
35th  Cmbt  Spt  (Jp  (TAC) 
George  AFB  CA  92392 


Chief,  CBPO 


3.  OATK 

28  May  80 


«.  SSAN 

000-00-0000 


B.  SiaNATURK 


AFm' 


PORM 
AV  ?•  '  ' 


RKPI-ACKtt  AP  PORM  77A.  NOV  74.  WHICH  IS  OBSOI.KTK. 


SUPPLEMENTAL  EV 


ITAL  EV  -  iONSHPET 


Figure  3-^.  AF  Fonn  77. 
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2.  How  do  you  prepare  an  APR  on  an  airman  if  no  one  is 
available  to  type  it? 


You  are  writing  an  APR  on  an  airman  and  you  make  a 
mistake  on  an  entry  in  section  III.  State  how  you 
correct  this  entry. 


When  writing  the  comments  on  an  APR,  you  misspell 
a  word  that  can  be  corrected  without  changing  the 
meaning  of  the  sentence.  What  action  is  required  in 
this  case? 


056.  State  how  to  use  Job  performance  appraisals  for 
civilian  personnel. 

The  job  performance  appraisal  system  (JPAS)  establishes 
performance  standards  and  identification  of  critical  and 
noncritical  job  performance  elements  used  as  a  basis  for 
personnel  decisions  to  reward,  assign,  promote  train, 
retrain  or  remove  employees.  Personnel  management  uses 
the  performance  appraisal  as  an  evaluation  device  for  all 
civilian  employees.  The  appraisal  procedures  are  uniform 
throughout  the  Air  Force.  But  each  supervisor  must  prepare 
a  work  plan  that  describes  job  requirements  and 
performance  standards  expected  for  each  employee.  As  a 
supervisor  of  civilian  employees,  you  must  review  each  of 
your  worker's  performance  periodically. 

Penormance  Appraisals  for  Civilian  Personnel.  You 

should  be  familiar  with  APR  4(W52,  Performance 
Appraisal  System.  This  regulation  explains  the  civilian 
appraisal  system  and  establishes  the  supervisor's 
responsibility  to  appraise  civilian  workers. 

A  performance  appraisal  is  due  for  each  civilian 
employee  annually  unless  circumstances  require  a  change 
to  the  appraisal  period.  As  the  rating  supervisor,  you  must 
review  the  mission  of  your  unit  to  determine  if  the  job 
descriptions  of  each  employee  accurately  describe  the 
duties  and  responsibilities  required  to  complete  the  mission. 
You  then  prepare  an  AF  Form  1282,  Job  Performance 
Appraisal,  for  each  civilian  employee  under  your 
supervision. 

Preparing  AF  Form  1282.  The  AF  Form  1282  is  the 
document  used  to  record  an  employee's  work  plan  and 
overall  performance  rating.  You  should  read  the 
instructions  that  give  you  general  information  about  the 
work  plan  and  rating  sections  on  page  1  of  the  form.  Then, 
complete  the  employee  identification  part  of  the  form  as 
specified  on  page  1.  Next,  you  must  type  in  the  names, 
grades,  and  duty  titles  of  the  supervisor  and  reviewing 
official  in  the  work  plan  authentication  section.  When  you 
complete  the  work  plan,  you,  the  supervisor,  reviewing 
official,  and  the  employee  should  sign  and  date  this  section. 
Now,  let's  discuss  other  parts  of  the  AF  Form  1 282. 


EKLC 


a.  Part  I — work  plan  job  performance  elements.  Enter 
the  employee's  job  performance  elements  on  page  2,  Part  I. 
The  elements  arc  requirments  of  duty  performance  and  are 
normally  taken  from  the  employee's  job  description.  They 
ar^t  further  broken  down  into  critical  and  noncritical. 

Critical  elements  are  job  performance  elements  that 
management  considers  very  important.  Failure  of  the 
critical  elements  may  require  remedial  action  and  denial  of 
merit  pay  or  within-grade  increase,  and  may  be  the  basis  for 
removing,  reassigning,  or  demotion  of  an  employee. 
Noncritical  elements  arc  job  performance  elements  used  to 
determine  the  overall  performance  level.  Performance 
below  the  minimum  standard  requires  counseling  the 
employee. 

b.  Part  II — work  plan  and  performance  standards.  This  is 
a  written  statement  of  the  quantity  and  quality  of 
performance  expected  for  the  job  element  listed  on  page  2 
of  the  AF  Form  1282.  There  may  be  more  than  one  standard 
for  a  single  job  performance  element. 

c.  Part  III— performance  substantiation  and  overall 
performance  rating.  When  the  employee's  rating  is  made, 
you  must  write  supporting  evidence  for  the  elements 
evaluations  on  page  4,  part  III  of  the  form.  This  means  that 
you  need  to  compare  the  employee's  job  standard  with  the 
actual  performance  of  the  employee  throughout  the  year. 
This  is  where  you  enter  your  comments  on  all  job 
performance  elements  listed  on  page  2  of  AF  Form  1282. 
Then  assign  an  overall  performance  rating. 

Performance  appraisals  were  designed  to  be  used  as  the 
first  step  in  a  total  management  system  to  identify  and 
correct  woric  performance  problems.  They  help  you  plan 
OJT  classes  and  request  formal  training  when  needed.  They 
can  also  recognize  and  reward  quality  performance  of 
outstanding  civilian  employees. 

Wouldn't  you  want  your  supervisor  to  tell  you  w»^r.t  you 
aren't  doing  right  so  that  you  can  correct  it?  Then  you 
should  never  let  the  ratings  on  the  appraisal  be  a  surprise  to 
your  employees.  You  must  take  the  time  with  your 
employees  and  discuss  their  performance  with  them.  Every 
few  months  you  should  check  and  revise  job  performance 
elements  and  performance  standards  that  no  longer  apply. 

Exercises  (056): 
1.  What  type  of  device  is  the  job  performance  appraisal? 


2.  How  often  are  job  performance  appraisals  due? 


3.  What  will  determine  the  duties  and  responsibilities  of 
each  civilian  employee  job  description? 


4.  What  are  the  two  classes  of  job  performance  elements? 


5.  Failure  of  what  class  of  job  performance  element 
requires  remedial  action? 


6.  What  part  of  the  AF  Form  1282  will  the  supervisor 
enter  an  overall  performance  rating? 


3-2.  Training 

The  Air  Force  OJT  program  is  a  systematic,  reportable 
application  of  the  cnrftsman-apprentice  relationship,  by 
which  the  trainee  acquires  job  skill  and  knowledge  and 
becomes  a  skilled  worker.  Throughout  the  Air  Force,  OJT 
is  an  essential  and  significant  part  of  vhe  integrated  training 
program.  It  is  a  part  of  every  unit's  mission  and  requires 
the  vigorous  support  of  supervisors  at  all  levels. 

OJT  is  the  primary  method  for  training  airmen  to  the 
skilled  (5)  level,  and  it  is  one  of  the  two  methods  (OJT  and 
resident  school)  for  training  them  to  the  semiskilled  (3) 
level.  Advanced  (7)  level  training  may  be  accomplished 
entirely  through  OJT  or  through  a  combination  of  formal 
and  on-the-job  training. 

As  a  trainer,  you  must  be  able  to  explain  OJT  program 
objectives  in  terms  of  both  the  Air  Force  mission  and  the 
position  of  the  trainee.  To  do  this,  you  must  have  a  good 
understanding  of  the  airman  career  program,  particularly  as 
it  applies  to  your  career  field. 

057.  Explain  the  Air  Force  Integrated  training  program 
in  terms  of  personnel,  types  of  training  requireme  ;ts, 
and  responsibilities. 

Integrated  Training  Program.  The  Air  Force  on-the- 
job  training  (OJT)  program  provides  training  for  Air  Force 
enlisted  personnel  to  qualify  them  in  the  knowledge  and  job 
proficiency  required  to  perform  duty  in  an  Air  Force 
specialty  (AFS).  All  Air  Force  organizations  witii  assigned 
enlisted  personnel  conduct  OJT. 

Relationship  between  formal  training  and  OJT.  Air  Force 
airmen  technical  training  requirements  are  met  by  an 
integrated  program  involving  all  Air  Force  commands  and 
some  schools  of  the  Army,  Navy,  and  other  Government 
agencies.  The  Air  Force  conducts  a  continuous  and 
aggressive  OJT  program  as  a  part  of  its  integrated  trainins 
program.  Headquarters  USAF,  Director  of  Personnel 
Programs  establishes  training  policies  to  ensure  that  OJT  is 
integrated  with  all  other  elements  of  training.  Tlie  Air  Force 
Manpower  and  Personnel  Center  (AFMPC),  Training 
Management  Division  provides  overall  management  for  the 
OJT  Program.  The  Air  Force  recognizes  that  there  are  three 
specific  requirements  that  airmen  must  satisfy  to  qualify  for 
skill  level  upgrading.  These  requirements  are  career 
knowledge,  job  proficiency,  and  job  experience.  The  Air 
Force  dual  channel  OJT  program  is  designed  to  satisfy  the 
requirements  for  career  knowledge  and  job  proficiency. 
The  requirement  for  job  experience  is  satisfied  when  airmen 
satisfactorily  perform  duty  in  their  AFS  for  the  minimum 


time    specified    in    AFR  35 — 1,    Military  Personnel 
Classification  Policy  (Officers,  Warrant  Officers,  Airmen). 

Formal  training.  Formal  Air  Force  training  includes 
training  conducted  both  in  approved  courses  and  on  the  job. 
Air  Training  Conmiand  (ATC),  in  coordination  with  major 
commands  (MAJCOMs),  determines  the  requirements  for, 
prepares,  evaluates,  and  revises  specialty  training  standards 
(STSs).  These  standards  specify  the  amount  of  knowledge 
and  skill  required  for  training.  They  are  the  primary  control 
documents  for  formal  resident  courses,  career  development 
courses  (CDCs),  OJT  job  proficiency  guides,  (JPGs),  and 
specialty  knowledge  tests  (SKTs).  CDCs  are  used  in 
conjunction  with  job  proficiency  training  in  the  Air  Force 
Dual-Channel  OJT  Program  and  as  the  primary  reference 
for  most  SKT  questions.  The  Extension  Course  Institute 
(ECI)  publishes  and  administers  CDCs. 

Each  MAJCOM  must  plan,  conduct,  and  evaluate  OJT 
according  to  regulation  through  practical  application  of  the 
Dual-Channel  OJT  Program.  In  this  text,  references  to  the 
Ehial-Channel  OJT  Program  apply  to  that  part  of  the  Air 
Force  training  that  conforms  to  the  definition  of  OJT. 

On-The-Job  Training.  On-the-job  training  is  a  planned 
training  program  designed  to  qualify  airmen,  through  self- 
study  and  supervised  instruction,  to  perform  in  a  given  AFS 
while  actually  working  in  a  duty  assignment  of  their  AFS. 

Exercises  (057): 

1.  Which  Air  Force  organizations  must  conduct  on-the- 
job  training? 


2.  Why  must  an  organization  conduct  OJT? 


3.  What  organizations  are  involved  in  meeting  airman 
technical  training  requirements? 


4.  What  organization  insures  that  OJT  is  integrated  with 
all  other  elements  of  training? 


5.  In  addition  to  career  knowledge  training,  what  other 
requirements  must  an  airman  satisfy  to  qualify  for 
upgrading? 


6.  The  STS  is  the  primary  control  document  for  what 
training  and  tests? 
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7.  Is  OJT  formal  or  informal  training? 


8.  What  is  the  responsibility  of  each  major  command 
toward  the  OJT  program? 


9.  Defme**OJT." 


10.  What  is  formal  Air  Force  training? 


058.  Describe  the  Dual-Channel  OJT  I*i  ogram  in  terms 
of  purpose,  where  and  how  it  is  conducted,  and  the  role 
of  the  JPG. 

Dual-Channel  OJT.  The  Dual-Channel  OJT  Program  is 
based  The  Dual  Channel  OJT  Program  is  based  upon  the 
idea  that  there  is,  in  career  development,  certain  knowledge 
that  airmen  must  gain  if  iliey  are  to  move  forward  in  the 
career  field  and  if  they  are  to  have  the  ability  needed  to 
move  quickly  from  one  kind  of  equipment  or  system  to 
another,  or  from  one  job  to  another.  This  knowledge  is  kin 
to,  and  concerned  with,  basic  principles  and  theories.  It  is 
also  involved  with  developing  job  proficiency  by  applying 
career  area  knowledge  and  by  performing  tasks  related  to  a 
specific  job  assignment. 

Dual-channel  OJT  is  a  systematic,  reportable  application 
of  self-study  and  the  craftsman-apprentice  principle. 
Trainees  acquire  AFS  knowledge  by  enrolling  in  and 
studying  CDCs,  when  available,  or  by  studying  the 
study/technical  references  listed  in  the  appropriate  SiS  if 
CDCs  are  not  available.  Trainees  gain  job  prcilciency  while 
performing  on  the  job  under  supervision.  This  combination 
enables  the  airmen,  upon  reassignment,  to  perform,  after  a 
period  of  qualification  training,  the  duties  to  which  they  are 
assigned  in  another  unit. 

OJT  is  conducted  in  the  actual  work  situation  by 
designated  personnel  who  are  working  in  support  of  the  unit 
mission.  Even  though  the  responsibility  for  conducting  OJT 
is  delegated  to  specific  individuals,  the  overall  OJT 
program  is  of  concern  to  every  person  assigned  to  the  unit. 

OJT  is  an  integral  part  of  every  unit's  mission.  It  requires 
vigorous  support  of  commanders  and  supervisors  at  all 
levels.  To  be  effective,  an  OJT  program  requires 
comiMiehensive  planning,  careful  scheduling,  timely 
implementation,  capable  direction,  skillful  application,  and 
searching  evaluation.  As  stated  earlier,  there  are  two 
distinct  parts  of  the  Dual-Channel  OJT  Program — 
knowledge  and  job  proficiency  development — which  must 
be  interpreted  as  career  knowledge  training  and  job 
proficiency  training. 

Career  knowledge  training  is  administered  under  one  of 
two  methods,  depending  on  the  availability  of  CDCs.  Use 
of  the  CDC  is  mandatory  if  CDCs  are  available.  If  a  CDC  is 


not  available,  use  the  STS  study/technical  references 
(S/TRs)  to  satisfy  the  knowledge  requirement  for  award  of 
the  appropriate  skill-level  AFSC.  If  neither  a  CDC  nor  STS 
is  available,  command  and  local  JPGs  will  outline  specific 
knowledge  requirements. 

The  job  knowledge  training  part  of  the  Dual-Channel 
OJT  Program  is  graphically  depicted  in  Figure  3-7.  The 
following  paragraphs  describe  the  other  half  of  the  Dual- 
Channel  OJT  Program — the  job  proficiency  training  phase, 
also  shown  in  Figure  3-7. 

Inmiediate  supervisors  are  responsible  for  the 
development,  maintenance,  and  effective  use  of  JPGs. 
JPGs  are  used  to  assist  in  developing  the  trainee's  job 
proficiency.  The  JPG  provides  airmen  with  specific 
reference  to  an  authoritative  publication  for  each  task  in 
their  current  duty  assignnient  as  \TC  revises  STSs, 
specific  references —  including  chapter  and  section  number 
of  TOs  and  other  references  are  added.  This  procedure 
eliminates  a  great  deal  of  unnecessary  reading. 

Air  Force  jobs  require  various  combinations  and  degrees 
of  skill  and  knowledge.  Some  are  highly  complex  and 
require  lengthy  training  periods;  others  are  less  complex 
and  require  correspondingly  less  training.  Most  of  the 
training  for  the  less  complex  jobs  is  conducted  at  unit  level 
through  OJT  programs  which  include  self-study  and  job 
proficiency  training.  For  the  more  complex  jobs,  the  ratio 
of  the  knowledge-to-skill  requirements  of  the  particular  job 
determines  the  kind  of  training  for  an  individual  selected  for 
that  job. 

For  some  complex  AFSs,  primary  consideration  must  be 
given  to  the  knowledge  requirements.  Since  knowledge  is 
most  readily  acquired  in  the  classroom,  it  follows  that  most 
airmen  who  are  selected  for  training  into  such  jobs  receive 
their  initial  training  in  formal  technical  schools. 

In  other  types  of  complex  jobs,  the  greater  emphasis  must 
be  placed  on  the  requirements  for  skill;  therefore, 
supervised  training  on  the  job  is  often  the  most  practical 
way  of  producing  competent  personnel.  A  3-  or  5-skill-level 
CDC  provides  the  necessary  career  irea  knowledge  for  the 
OJT  trainee. 

After  airmen  have  recieved  appropriate  initial  job 
knowledge  training,  either  in  a  formal  school  or  on  the  job, 
the  ainnen  still  have  to  become  thoroughly  proficient  in  a 
duty  position  of  the  specialty  for  which  they  were  trained. 
A  formal  school  situation  obviously  does  not  lend  itself  to 
proficiency  training.  For  individuals  to  become  thoroughly 
skilled  in  the  duty  position,  they  must  become  semiskilled 
as  a  result  of  either  a  formal  school  or  on-the-job  training. 
They  must  receive  additional  training  on  the  job  to  become 
fully  skilled  workers. 

Since  the  entire  OJT  program  hinges  upon  the  leam-by- 
doing  and  self-study  concepts,  it  follows  that  tlie  part  of  the 
Dual-Channel  OJT  Program  called  job  proficiency  training 
is  normally  conducted  within  the  unit  to  which  the  airman  is 
assigned  for  duty.  The  responsibility  for  conducting  the  job 
proficiency  phase  of  OJT  is  inherent  in  the  job  of  each 
person,  including  civilians,  who  supervise  the  work  of 
airmen.  The  responsibility  for  the  career  knowledge 
training  part  of  OJT  through  self-study  courses  rests  with 
the  individual  concerned.  This  training  is  monitored  by  the 
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Figure  3-7.  Skill  progression. 
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airman's  immediate  supervisor  and  the  squadron  OJT 
manager. 

Job  proficiency  training  implies  practical  application.  It 
is  that  part  of  formal  OJT  which  teaches  skill.  It  places 
trainees  in  operational  situations  where  they  are  assigned 
certain  tasks  which  are  part  of  their  duty  assignment.  As 
trainees  acquire  skills  in  the  simpler  tasks,  they  are  assigned 
others  which  are  progressively  more  complex.  In  this  way, 
trainees  are  constantly  broadening  their  skills  and 
knowledge,  ultimately  to  include  all  elements  of  the  job. 

Learning  in  a  job  proficiency  situation  results  from  the 
close  association  between  the  trainee  and  the  trainer. 
Understand,  however,  that  this  coach-pupil  method  of 
training  does  not  preclude  short  periods  of  informational 
group  instruction  on  job  proficiency  training  elements. 

Exercises  (058): 
1 .  What  is  the  purpose  of  the  dual-channel  OJT  program? 


2.  Where  is  on-thiC-job  training  conducted? 


3.  By  what  method(s)  is  OJT  conducted? 


4.  What  is  OJT  an  integral  part  of? 


5.  How  is  the  JPG  used  in  OJT? 


6.  What  determines  the  tasks  an  airman  performs  in  OJT? 


7.  Who  is  responsible  for  identifying  tasks  an  airman 
must  perform  during  OJT? 


8.  If  airmen  need  a  specific  reference  on  how  to  perform 
a  task,  where  can  they  find  it? 


059.  Define  the  different  types  of  training  and  relate 
them  to  OJT. 

OJT  and  UGT.  On-the-job  training  is  an  all-inclusive 
term  which  describes  the  training  received  by  an  airman 
while  he  or  she  is  performing  in  a  duty  assignment  of  the 
AFS.  Training  for  the  purpose  of  upgrading  an  airman's 
skill  level  in  his  or  her  AFSC  is  referred  to  as  upgrade 
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training  (UGT).  Training  administered  for  the  purpose  of 
increasing  knowledge  and  skill  in  an  awarded  AFSC,  but 
not  resulting  in  award  c  an  AFSC,  is  referred  to  as 
qualification  training. 

Qualification  Training.  A  program  of  qualification 
training  designed  to  develop  more  knowledge  and  skill 
within  an  airman's  assigned  position  is  a  basic  part  of  the 
OJT  program,  but  it  does  not  result  in  the  award  of  an 
AFSC.  Qualification  training  does  not  require  the  use  of 
special  orders;  AF  Form  2095,  Assignment/Personnel 
Action;  AFForm  2096,  Classification/On-The-Job  Training 
Action;  c  but  it  does  require  entries  on  the  JPG. 
Qualification  training  provides  additional  training  for 
airmen  who  have  already  been  upgraded  in  their  specialties. 
It  provides  a  practical  application  of  the  commander's 
awareness  of  the  need  for  gearing  the  capabilities  of  the  unit 
to  changing  Air  Force  concepts,  requirements,  equipment, 
and  unit  missions  as  well  as  recognizing  that  there  is  always 
a  need  for  increased  skill  and  knowledge  within  the  broad 
confines  of  each  skill  level.  Qualification  training  becomes 
critical  when  the  commander  is  faced  with  the  need  for 
increasing  the  quality  or  amount  of  production, 
indoctrinating  personnel  in  new  techniques  or  procedures, 
or  qualifying  technicians  to  maintain  new  equipment. 

Proper  application  of  qualification  training  provides 
additional  valuable  experiences  for  all  airmen  who  have 
been  upgraded  in  their  specialties  to  the  5-  or  7-skill  level. 

Retraining  Programs.  Retraining  through  OJT  is 
defined  in  AFR  39-4,  Airman  Retraining  Program.  It  is 
designed  to  qualify  an  airman  for  award  of  an  AFS  or  AFS 
shredout  not  in  the  normal  progression  pattern  of  a  currently 
awarded  AFS. 

Lateral  Training.  Lateral  training  is  accomplished  in  an 
AFS  where  the  designated  input  is  from  another  AFS. 
Lateral  training,  a  planned  part  of  the  normal  progression 
for  certain  AFSs,  is  shown  in  the  career  field  charts  of  AFR 
39-1,  Airman  Classification  Regulation.  Lateral  Training 
may  be  given  either  through  formal  courses  conducted  by 
ATC  or  through  OJT  programs  conducted  at  the  unit  level. 
When  lateral  training  is  given  on  the  job,  it  is  subject  to  the 
same  controls  as  other  OJT  programs. 

Exercises  (059): 

1 .  Define  the  following  types  of  training: 
a.  Upgrade  trai  ning . 


b.  Qualification  training. 


c.  Retraining. 


2.  How  is  qualification  training  conducted? 
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3.  Why  is  there  a  need  for  qualification  training? 


procedures  to  each  situation  to  make  clear  to  the  trainees 
their  responsibilities  as  presented  in  Chapter  4  of  AFR 
50—23. 


4.  In  retraining  through  OJT,  must  an  airman  complete 
career  knowledge  training? 


5 .  Explain  your  answer  to  item  number  4 . 


6.  If  an  airman  is  trained  to  the  required  proficiency  level 
for  every  task  listed  in  his  JPG,  does  he  need 
qualification  training?  Explain  your  answer. 


7.  What  is  the  controlling  publication  used  for: 
a.  Lateral  training? 


b.  Retraining? 


060,  Associate  responsibilities  for  the  OJT  program  wth 
the  person  to  which  the  responsibility  is  assigned. 

Immediate  Supervisor.  Responsibility  for  conducting 
OJT  is  inherent  in  the  position  of  all  supervisors.  Since  the 
supervisor  (military  or  civilian)  has  daily  contact  with  all 
the  personnel  assigned  to  the  unit,  the  supervisor  occupies  a 
key  position  in  the  OJT  program.  In  smaller  sections,  the 
immediate  supervisor  may  also  be  the  trainer.  In  any  case, 
the  title,  immediate  supervisor,  is  applicable  to  that  person 
who  maintains  OJT  records  and  forms  and  is  responsible  for 
those  duties  and  responsibilities. 

Selection  of  OJT  Trainers.  Ideally,  the  OJT  trainer  is 
the  trainee's  immediate  supervisor.  However,  for  various 
reasons  this  may  be  difficult  to  arrange  in  some 
organizations.  As  a  result,  trainers  may  be  appointed  to 
provide  training  for  individuals  or  small  groups  of  trainees. 
Appoint  trainers  who  have  broad  fundamental  knowledge 
and  technical  know-how,  as  well  as  the  ability  to  get  along 
with  people  and  inspire  the  confidence  of  the  trainees.  The 
trainer  is  not  to  be  thought  of  as  an  individual  assigned  to 
full-time  instri^ctional  duty,  but  rather  a  skilled  worker  who 
is  assigned  to  a  production  job. 

Relationship  of  Trainer  to  Trainee.  The  on-the-job 
trainee  needs  mvOtivation.  Motivation  stems  from  a  felt 
need.  The  trainees  should  feel  the  need  for  OJT  when  the 
immediate  supervisor  accomplishes  the  requirements  of  AF 
Form  623,  Section  II,  On-The-Job  Training  Record.  The 
trainees  must  understand  the  need,  the  objectives,  and  the 
procedures  of  OJT,  as  well  as  their  responsibilities  to  accept 
and  perform  training  assignments  to  the  best  of  their 
abilities.  The  supervisor  or  trainer  has  to  adapt  orientation 


Exercises  (060): 
1.  Match  the  responsibility  for  the  OJT  program  in 
column  B  with  the  assigned  person  in  column  A  by 
writing  the  appropriate  letter  in  the  blank.  (All  persons 
have  three  or  more  responsibilities  listed.) 

Column  A  Column  B 

 (1)  Immediate  supervisor.      a.  Maintains  ail  issued  training 

 (2)  OJT  trainer.  materials  in  good  condition  for 

 (3)  OJT  trainee.  future  use. 

b.  Maintains  AF  Fonn  623  for 
assigned  airmen. 

c.  Instructs  trainee  on  actual 
equipment. 

d.  When  reassigned,  obtains  and 
delivers  appropriate  CDC 
materials  to  new  unit  OJT 
manager. 

e.  Teaches  theory  and  background 
information  when  required. 

f.  Indoctrinates  trainers  and 
trainees  on  objectives  of  the 
OJT  program. 

g.  Motivates  and  evaluates 
assigned  training. 

h.  Certifies  completion  of  job 
proficiency  training. 

i.  Accepts  and  performs  all 
training  requirements  and 
assignments  in  an  efficient 
manner. 

j.  Using  the  duty  section  Master 
Job  Proficiency  Guide,  develops 
the  JPG  as  a  basic  document  for 
training,  based  on  the  airman's 
duty  position. 

061.  Identify  selected  training  principles  and  methods, 
and  compare  OJT  techniques  with  formal  training 
techniques. 

Training  Principles.  Certain  basic  and  easily  understood 
principles  apply  to  all  training  situations.  Trainers  should 
understand  and  apply  the  principles  outlined  below.  These 
principles  will  help  trainers  to  improve  their  skill  in 
instructing. 

a.  Go  from  the  known  to  the  unknown.  Find  out  what  the 
trainees  know  about  the  -^^ii  build  from  there. 
Relate  the  new  material  to  previously  learned  subjects. 
Give  trainees  a  complete  briefing  on  the  overall  program 
and  tell  them  where  they  fit  into  it.  Acquaint  them  with  the 
goal.  Make  sure  the  part  they  play  in  the  organization  is 
understood  and  make  them  aware  that  they  are  vital 
members  of  the  team. 

b.  Go  from  the  easy  to  the  difficult.  Always  begin  with 
the  simple  parts  of  a  job.  The  knowledge  that  they  )are  able 
to  perform  parts  of  the  job  after  a  practice  period  gives  the 
trainees  confidence  and  inspiration  to  leam  the  whole  job. 

c.  Emphasize  accuracy  and  understanding  rather  than 
speed,  while  the  trainee  is  learning. 

d.  Emphasize  safety  at  all  times. 
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e.  Clearly  define  the  limits  of  the  training  objective  and 
let  the  trainees  know  what  is  expected. 

/.  Present  new  material  in  short  units  that  can  be  fmished 
in  one  training  session.  Short,  related  training  units  are  not 
so  likely  to  confuse  ^Jie  trainees. 

Be  sure  the  trainees  see  the  job  as  a  whole.  Fit  all  the 
short  steps  into  the  whole  operation  or  objective. 

h.  Always  remember  that  the  trainees  learn  by  doing.  Put 
them  to  work  as  soon  as  they  understand  what  they  are  to 
do.  Give  them  plenty  of  practice. 

I.  Allow  trainees  to  develop.  They  do  the  learning;  you 
guide  and  help.  Be  careful  not  to  dominate,  but  do  not  relax 
your  supervision  to  a  point  that  would  allow  the  trainees  to 
harm  themselves,  others,  or  damage  equipment. 

J.  Any  training  procedure  must  make  sense  to  the 
trainees.  If  it  doesn't,  change  or  discard  it. 

Rc  '^f^c  the  trainees'  work.  Let  them  know  hov; 
-  o  ag. 

».  Never  try  to  bluff.  Never  resort  to  sarcasm  or  ridicule. 

Training  Methods.  An  OJT  trainer  must  assume  trainer 
responsibility,  in  addition  to  other  duties;  the  OJT  trainer 
function  is  not  considered  a  full  time  duty.  Supervisors 
may  sometimes  be  required  to  perform  as  trainers.  OJT 
trainers  are  expected  to  use  effective  training  methods  and 
techniques.  This  requirement  and  responsibility  is 
contained  in  the  specialty  description  of  all  skilled  and 
advanced  level  AFSs.  It  follows  that  those  who  are  selected 
as  trainers  must  learn  to  perform  efficiently,  using  methods 
that  result  in  an  effective  OJT  program.  Job  instruction 
generally  involves  four  methods  of  imparting  new 
knowledge  or  manual  skills. 

The  lecture.  The  lecture  is  useful  for  imparting 
information.  Its  effectiveness  is  increased  when  it  is 
combined  with  one  or  more  of  the  other  instructional 
methods. 

The  discussion.  The  discussion  is  a  valuable  training 
method  because  it  promotes  a  two-way  exchange  of  ideas 
during  group  instruction,  when  the  objective  is  to  provide 
background  information  or  procedures  that  are  of  common 
interest  to  the  entire  group.  Questioning  is  very  useful  when 
employing  the  discussion  method  to  inform  the  trainees,  as 
well  as  to  check  their  grasp  of  the  instruction.  To  help  the 
trainee  think  through  the  logical  steps  of  a  new  job  task, 
phrase  your  questions  so  that  they  can't  be  answered  with  a 
straight  yes  or  no.  Use  questions  that  begin  with  such  words 
as  what,  wiu  .  her^,  when,  why,  and  how.  Questioning  can 
be  V  *iffr  avrlv  ^^'?th  all  other  instructional  methods,  as 
\v(^U  !•  •  n  method. 

'^jf.  •  'i  iemonstratif  »t  or  showing  is 

u.M*^     is  the   training    objective    is  the 

development  of  new  manual  skills.  It  is  particularly  useful 
in  presenting  the  various  steps  of  a  very  long  operation  that 
must  be  performed  without  stopping.  The  trainees  are 
taught  a  part  of  the  job,  with  the  trainer  doing  the  rest.  After 
learning  one  step  of  the  total  job,  the  second  step  is  taught, 
with  the  trainer  again  completing  the  operation. 

The  performance.  The  performance  is  by  far  the  most 
effective  method  to  use  in  OJT.  Trainees  truly  learn  by 
doing  under  the  watchful  eye  of  a  trainer  while  performing 
in  a  productive  capacity.  It  follows  that  airmen  on  OJT 


should  immediately  be  given  simple  jobs  to  do,  such  as 
cleaning  or  sorting  parts,  counting  pieces,  sorting  papers, 
learning  names  of  parts,  or  checking  supplies.  It  is  most 
practical  to  assign  such  airmen  to  assist  others  who  are 
producing.  After  airmen  have  received  training  on  some 
particular  task  or  phise  of  work,  they  are  able  to  do  it  with 
the  desired  proficiency.  They  should  then  be  rotated  to 
another  task.  With  a  progressive  rotation  plan,  trainees 
grow  in  skill  and  knowledge  until  they  are  able  to 
accomplish  effectively  the  requirements  of  the  duty 
position. 

Training  Tecliniques.  Supervisors  must  make  sure  that 
trainers  develop  a  set  of  techniques  similar  to  the  five  steps 
which  follow  so  that  all  OJT  can  be  effectively  conducted. 

Step  I ,  Prepare  the  training  situation. 

a.  Make  sure  that  the  tools  and  equipment  are  on  hand 
and  in  working  order. 

b.  See  that  the  shop  or  room  is  available  and  that  it  is 
properly  heated,  lighted,  and  ventilated. 

c.  See  that  training  aids  planned  for  use  are  available  and 
in  good  working  order. 

Step  2.  Prepare  the  trainees  to  receive  job  instruction. 

a.  Put  them  at  ease.  This  helps  build  confidence.  The 
supervisor's  training  efforts  are  likely  to  be  in  vain  if 
trainees  are  nervous  or  ill  at  ease. 

b.  Find  out  what  they  already  know  about  the  job.  Don't 
tell  them  things  that  they  already  know.  Start  where  their 
knowledge  ends. 

c.  Gain  their  interest.  Explain  the  job  or  operation  at 
hand  and  relate  that  job  to  the  work  of  the  whole  unit.  This 
helps  them  realize  the  importance  of  the  job. 

d.  When  demonstrating  a  job,  make  sure  the  trainees 
observe  from  the  proper  position.  Don't  have  them  look 
backwards  or  from  an  angle  other  than  the  one  from  which 
they  will  work. 

Step  J.  Present  the  operation. 

a.  Tell,  show,  illustrate,  and  then  question.  Once 
understanding  is  achieved,  have  the  trainees  perform  the 
task. 

b.  Give  only  a  few  instructions  at  one  time. 
Understanding  is  gained  more  quickly  if  ideas  are  presented 
gradually. 

c.  Make  the  key  points  clear.  These  make  or  break  the 
operation;  to  a  laige  extent,  they  determine  the  ultimate 
success  or  failure  of  -^t^  training. 

d.  Use  availab'  raining  aids  when  they  help  to  put  the 
riciyti  -ross.  L  ir  .  ther  just  to  fill  in  time.  Before 
usini^  iuy  trainnig  aid,  be  sure  that  it  applies  directly  to  the 
subject  and  that  it  works. 

e.  Be  patient;  remember  that  haste  makes  waste.  Work 
for  accuracy  first,  speed  later. 

/.  Repeat  the  job  and  explanation,  if  necessary. 

Step  4.  Try-out  performance. 

a.  Have  the  trainees  do  the  job  under  observation.  Then 
repeat  the  job  and  have  them  explain  what  they  are  doing, 
and  why.  Some  people  don't  realize  the  importance  of 
motions  they  are  observing  and  repeating.  The  trainees 
must  understand  not  only  what,  but  why. 
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b.  Have  the  trainees  explain  the  key  points.  Correct  any 
errors,  but  do  not  correct  in  a  way  which  will  make  them 
feel  that  you  are  not  satisfied  with  their  progress. 

c.  Continue  to  have  the  trainees  perform  and  explain 
until  you  know  that  they  understand  what  they  are  doing. 

Step  5.  Followup. 

a.  Put  the  trainees  on  their  own  so  they  will  get  the  feel 
of  the  job  by  doing  it.  Tell  them  who  they  should  go  to  for 
help,  and  make  sure  the  designated  individuals  understand 
their  responsibility. 

b.  Check  trainees'  work  frequently — perhaps  every  few 
minutes  at  the  start,  then  every  few  hours.  Be  on  the 
lookout  for  incorrect  or  unnecessary  moves,  but  don't  make 
an  issue  over  them.  Expect  a  few  mistakes;  if  there  are 
none,  congratulate  the  trainees  for  a  job  well  done. 

c.  Taper  off  the  coaching  until  the  trainees  are  able  to 
work  under  normal  supervision.  Be  sure  that  the  trainees  are 
adhering  to  the  approved  safety  practices.  Safety  is  one  of 
every  supervisor's  most  important  responsibilities.  Make  it 
clear,  both  by  instruction  and  attitude,  that,  strictly 
speaking,  accidents  don't  just  happen — they  are  provoked. 
The  cause  of  an  accident  may  not  always  be  readily 
apparent,  but  it  can  usually  be  found.  Common  causes 
include  lack  of  skill,  poor  work  habits,  poor  attitudes, 
and/or  faulty  instructions.  If  you  discover  that  trainees  are 
having  more  than  their  share  of  accidents,  and  if  you  have 
eliminated  faulty  instruction  as  a  possible  cause,  report  the 
fact  to  your  supervisor  for  action. 

Exercises  (061): 

1 .  Match  the  principle  in  colunrm  B  with  the  defmitions  or 
situations  in  column  A  by  entering  the  proper  letter  in 
the  space  provided. 

Column  A  Column  B 

  (1)  The  trainer  patiently  explains       a.  Go  from  the  known  to 

a  performance  step  to   a  the  unknown. 

trainee  for  the  third  time.  b.  Go  from  the  easy  to  the 

  (2)  A  trainer  stops  a  trainee  from  difficult. 

turning  on  a  switch  that      c.  Emphasize  accuracy  and 
should    be    OFT    during  understanding, 
maintenance.  d.  Emphasize  safety. 

  (3)  The  trainer  tells  trainee  what       e.  Define    limits    of  the 

the  end  product  will  be.  training  objective. 

  (4)  A  trainer  starts  the  instruc-       f.  Trainer  learns  by  doing. 

tion  on  how  to  do  a  simple  g.  Recognize  the  trainee's 
task.  work. 

  (5)  The  trainer  explains  where       h.  Present  new  material  «n 

the  •    nee  fits  in  the  orpnni-  short  units 

i,  Allov        ^  I- 

  <■  _cs  aic  wdi»»wu  oi  aigh  develoi>> 

)jsc  levels  and  shown  how       j.  Let  trainee  see  job  as  a 
^  ert  earplugs.  whole . 

  (7)  Uii  trainee  do  task  with  only 

an  occasional  check  after 
you  know  trainee  can  do  it. 

  (8)  Trainer  praises  good  work 

habits  used  by  trainee. 

  (9)  Let  trainee  do  task  as  soon  as 

you  know  it  is  understood. 
 (!0)  The  trainer  compares  opera- 
tion of  a  centrifugal  pump  to 
a  rotary  lawn  mower. 

 (11)  Trainee  can  do  a  complete 

operation  at  end  of  each 
training  session. 
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Column  A 

(12)  After  trainer  explains  an 
operation,  trainee  is  asked  to 
explain  it. 

(13)  Trainer  explains  what  trainee 
should  be  able  to  do  at  end 
of  training  period. 

(14)  Have  trainee  do  usk  several 
times  while  trainer  watches. 


2.  The  lecture  method  is  useful  for  teaching  information, 
but  why  is  the  performance  method  of  instruction  the 
most  effective  to  use  in  OJT? 


3.  Why  should  a  combination  of  teaching  methods 
probably  be  useful  with  new  trainees? 


4.  How  do  the  training  techniques  compare  with  the 
techniques  used  in  a  formal  training  course?  (Compare 
OJT  trainer  activities  to  classroom  instructor 
activities — step  by  step.) 


062.  Identify  the  purpose  of,  and  the  responsibilities  for, 
the  task  breakdown,  and  give  selected  techniques  for 
^^breaking  down"  a  task. 

As  the  instructor  breaks  down  the  objectives  into 
segments  for  the  lesson  plan,  so  should  the  trainer  break 
down  tasks  into  teachable  segments. 

Task  Breakdowns.  Specialty  training  standards  break 
down  an  AFS  into  various  individual  tasks  and  knowledges. 
These  tasks  and  knowledges  are  required  for  each  specialty 
within  the  ladder  to  indicate  the  extent  of  knowledge  or 
degree  of  proficiency  required  for  each  skill  level. 
However,  many  of  the  individual  tasks  and  items  are  in 
'  emselve?  :uitc  complex.  The  OJT  trainer  must  break 
he<c     ^  n  iOiJxai,  systematic  sequence  of  parts  and 

:h   each   part   as   a  complete   unit.   These  written 
ikdowns  of  complex  tasks  or  operations  are  known 
simply  as  task  breakdowns. 

Purpose  of  the  task  breakdown.  Many  OJT  trainers  may 
think  they  know  a  task  when  they  really  don't.  Others  may 
know  the  task  so  well  that  they  neglect  to  clarify  a  point 
which  is  simple  to  them  but  confusing  to  the  trainee.  Still 
others  may  know  the  task  so  well  that  they  do  not  plan  how 
to  teach  it  to  another  person. 

For  some  tasks,  the  breakdown  may  be  as  simple  as 
saying  to  the  trainee,  "Do  this  first,  this  next,  and  then  do 
that."  However,  many  Air  Force  jobs  are  extremely 
complex.  Complete  performance  of  such  jobs  is 
oven\helming  to  the  young  and  inexperienced  airman. 
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The  purpose  of  the  task  breakdown  is  to  divide  the  big 
job  into  easy,  progressive,  and  teachable  units.  This  makes 
it  possible  for  the  airman  to  learn  the  job  in  small  doses,  one 
step  at  a  time. 

The  degree  of  which  a  task  must  be  broken  down  depends 
on  the  past  experience  and  learning  capability  of  the 
trainee.  The  trainer  must  determine  when  the  task  is  broken 
down  far  enough  to  be  easily  taught  and  readily  understood. 

Format  of  the  task  breakdown  ^  ..aent  Ow  .  xce, 

the  task  breakdown  consists  ...xiy  of  two  colunms. 

One  is  titled  "Important  steps"  and  tlie  other  is  titled  "Key 
Points.'* 

(1)  Important  steps.  The  steps  are  logical  segments  of  the 
operation  which  advance  the  woik.  These  breakdowns  are 
not  intended  to  be  hairsplitting;  rather,  they  are  to  be 
simple,  common  sense  reminders  of  what  is  really 
important  in  doing  a  task. 

(2)  Key  Points.  Knowing  what  the  key  points  are  and 
how  to  pick  them  out  quickly  and  easily  is  an  important  part 
of  job  instruction.  They  arc: 

•  Hazards  which  may  cause  injury  to  personnel  or 
damage  to  tools  and  equipment. 

•  Things  which  make  or  break  the  task. 

•  Things  which  make  the  woric  easier — ^knack,  trick, 
feel,  and  special  timing. 

Preparation  of  the  task  breakdown.  There  are  several 
procedures  by  which  trainers  may  prepare  task  breakdowns. 
Their  own  experience  and  the  type  of  task  to  be  performed 
determine  which  procedure  to  follow. 

Some  tasks  may  be  so  well  understood  that  they  can  be 
analyzed  and  divided  into  simple,  logical  steps,  just  by 
thinking  through  the  various  stages  of  the  operation.  Others 
may  be  too  complex  to  break  down  without  going  through 
the  entire  operation  and  making  notes  on  the  performance 
of  each  part. 

Sometimes  trainers  may  have  to  break  down  a  task  in 
which  they've  had  little  personal  experience.  If  so.  they 
should  carefully  watrb  the  ry?c;i*,;.:)ns         step*^  cc 
someone  rpore  ex{.v ji^  i^,^^ 

Jr-  jLH  e*?^'  ^  Kie  ivo  to  find  how  the  trainer  can 
'-v*f  Aclp  tl:*  AUiw  .o  perform  each  operation  safely, 
easily,  correctly,  and  quickly.  This  involves  the  knacks, 
tricks  of  the  trade,  special  timing,  key  points,  and  special 
information  on  what  to  look  for,  where  to  look,  how  to  feel, 
and  what  to  listen  for,  in  each  operation. 

Task  breakdown  sheets  are  not  necessarily  intended  to  be 
given  to  the  trainee.  They  are  for  the  trainer's  use  in 
clarifying  and  organizing  their  own  thinking  about  the  task. 
For  this  reason,  it  is  not  necessary  to  formal  ?ze  them. 

All  tasks  are  identified  in  a  general  manner  in  JPGs. 
H'^wever,  the  task  breakdown  should  be  prepared 
personally  by  the  on-the-job  trainer.  As  with  most  other 
operations,  task  breakdowns  can  be  made  easily  and 
quickly  after  a  little  practice. 

Supervisors  should  arrange  for  group  instructions, 
discussions,  practice  sessions,  and  critiques  with  trainers, 
to  ensure  proper  preparation  of  task  breakdowns. 
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Exercises  (062): 

1.  Why  must  some  tasks  be  broken  down  before  you 
attempt  to  teach  them? 


2.  State  the  purpose  of  the  task  breakdown. 


3.  The  degree  to  which  a  task  must  be  broken  down 
depends  upon  what  factors? 


4.  Give  the  two  column  headings  that  should  be  used  in 
preparing  a  task  breakdown. 


5.  What  should  be  your  objective  in  preparing  a  task 
breakdown? 


6.  Who  is  responsible  for  preparing  the  task  breakdown? 


7.  Who  must  insure  the  proper  preparation  of  a  task 
breakdown? 


063.  Cite  the  requirements  for  a  training  capability  and 
the  actions  to  take  if  the  training  capnhilit^  is 
questionable  or  nonexistent. 

l>^i«iing  Capability.  When  planning  yo.  OJT 
pi  .  .^rajn,  find  out  if  your  unit  has  a  tr  ling  capability.  You 
may  assume  that  your  unit  or  secticr  has  the  capability  to 
accomplish  the  prescribed  OJT.  But  ii  is  possible  that  local 
situations  or  temporary  conditions  may  make  realistic  on- 
the-job  training  impractical  or  impossible.  We  will  look  at 
the  question  of  training  capability  from  three  view  points: 
when  a  training  capability  exists,  when  a  training  capability 
is  questionable,  and  when  a  training  capability  does  not 
exist. 

When  a  training  capability  exists.  In  general,  for  a 
training  capability  to  exist,  there  must  be  a  CDC  for  the 
AFSC  and/or  the  Specialty  Training  Standard/Study 
References  (STS/SRs)  and  a  person  capable  of 
administering  job  proficiency  training.  There  are  many 
misconceptions  about  the  subject  of  training  capal  v.  The 
most  prevalent  one  is  the  belief  that  the  trainer  u.u.,i  possess 
the  same  AFSC  at  the  same  or  higher  skill  level  in  which  the 
training  is  desired.  Another  belief  is  that  to  "certify"  job 
proficiency,  the  person  doing  the  certifying  must  be 
technically   qualified   to   perform   the   function  being 
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If  you  do  find  equipment  or  materials  that  are 
substandard  or  defective,  it  is  your  responsibility  to  submit 
a  materiel  deficiency  report.  Refer  to  TO  00-35D-54, 
USAF  Materiel  Deficiency  Reporting  System,  and  AFR 
66-30,  Product  Improvement  Program  for  Operational 
Equipment,  for  guidelines  to  help  you  complete  the  report. 

All  personnel  are  responsible  for  submitting  reports  on 
substandard  or  defective  materials  and  equipment.  Such 
reports  will  improve  the  quality  of  materials  and  equipment 
used  by  USAF  organizations. 


Exercises  (041): 

1.  Who    is    responsible    for    submitting    a  materiel 
deficiency  report  on  an  unsatisfactory  item? 


2.  What  references  can  be  used  for  reporting  materiel 
deficiencies? 
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CHAPTER  3 


SupervisiOi  and  Training 


YOUR  hCi  -I  r\  A  N.iiption  tells  you  that  one  of  your 
responsibilities  i  supervise  electrician  personnel.  If  you 
examine  that  description,  you  are  sure  to  get  at  least  one 
impression— that  you  need  to  know  more  than  just  how  to 
install  and  maintain  electrical  systems.  You  need  to  know 
how  to  get  along  with  people  and  how  to  keep  them 
working  effective You  also  need  to  know  yonr  job  well 
and  how  to  train  the  people  who  work  for  ycu  to  do  a  better 
job.  That  is  what  this  chapter  is  all  about,  supervision  and 
training. 

3-1.  Supervision 

A  prominent  writer  on  management  topics  once  wrote 
that:  Supervision  =  job  proficiency  +  leadership  + 
management.  But  formulas  are  ordinarily  summarizing 
devices  and  often  oversimplify.  In  addition  to  the  three 
traits,  job  proficiency,  leadership,  and  management,  a 
supervisor  must  be  able  to  orient  newly  assigned  personnel, 
establish  priorities,  schedule  and  make  work  assignments! 
and  rate  personnel.  You  can  see  from  this  list  that  a 
supervisor  must  be  a  person  of  *'many  hats."  Supeivisors 
must  be  abb  to  change  from  one  role  to  another  at  a 
moment's  notice.  Let's  review  some  of  the  traits  that  a 
supervisor  must  possess  and  some  of  the  jobs  that  they  must 
perform. 

042.  For  given  situations,  indicate  how  you  could  fulfill 
your  responsibility  for  the  mission. 

Responsibility  ft t  the  Mission.  You  are  responsible  for 
many  things  but  your  primary  responsibility  is  the  mission. 
Your  duty  to  your  unit  and  to  your  personnel  are  secondary 
only  to  the  mission.  There  wiU  be  times  when  the  people 
wno  work  for  you  will  want  to  be  absent  from  duty  for 
various  reasons.  They  will  feel  hurt  if  you  do  not  let  them 
go,  but  you  must  disregard  the  needs  and  feelings  of  your 
personnel  in  order  to  meet  the  needs  of  the  mission.  At  such 
times,  the  esteem  your  people  hold  for  you  will  suffer 
unless  they  have  been  thoroughly  briefed  with 
responsibility  for  the  mission.  You  should  impress  this  fact 
upon  them  through  talks,  discussions,  training,  and 
personal  example.  In  spite  of  such  orientations,  not  all  of 
your  personnel  will  support  you  in  these  demands.  There 
are  always  some  who  place  personal  desires  before  duty 
however,  they  will  eventually  fall  in  line  and  follow  the 
majonty  if  you  are  firm  and  stand  by  the  first  objective  of 
your  job^THE  MISSION  IS  PRIMARY. 

Responsibility  to  your  superiors  is  another  objective  that 
you  must  realize.  If  you  fail  to  support  your  superiors,  you 


jeopardize  your  own  efforts.  Whenever  you  criticize  your 
supenors  and  their  methods,  you,  in  turn,  invite  criticism 
by  your  personnel.  They  will  simply  be  following  your 
example.  To  avoid  this,  you  should  carry  out  the  directives 
of  your  supervisor  as  if  they  were  your  own.  A  good  leader 
must  be  a  good  follower.  Should  you  disagree  with  a 
directive,  present  your  point  of  view  to  your  supervisor  If 
the  directive  stil!  stands,  carry  it  out  to  the  best  of  your 
ability  without  excuse,  alibi,  or  any  attempt  to  pass  the 
buck.  When  you  can  do  this,  it  is  an  indication  of  maturity 
It  IS  also  an  indication  that  you  are  ready  for  even  greater 
responsibilities. 

At  times,  you  may  be  directed  to  do  something  contrary 
to  directives  from  higher  headquarters.  When  this  happens, 
do  not  hesitate  to  bring  it  to  the  attention  of  your  supervisor' 
If  you  are  still  directed  to  carry  out  the  original  order,  do  so 
without  reluctance.  In  such  a  situation,  your  supervisor 
assumes  full  responsibility  for  this  action.  You  must 
understand  that  he  or  she  is  nearer  to  the  top  and  knowr. 
more  than  you  do  about  the  overall  mission.  Responsibility 
to  the  mission  is  your  first  consideration,  regardless  of  how 
disagreeable  the  order  may  seem.  This  does  not  mean  that 
you  can  be  directed  to  falsify  official  documents.  To  do  so 
would  con.promise  your  integrity — your  truthfulness.  To 
do  so  is  not  only  unlawful  but  also  degrading.  John  D 
Ryan,  General,  USAF,  when  Chief  of  Staff  said,  **False 
reporting  is  a  clear  example  of  a  failure  of  integrity.  Any 
order  to  compromise  integrity  is  not  a  lawful  order." 

Shop  Supervisor  ResponsibUitles.  The  duties  and 
responsibilities  of  the  interior  electric  shop  supervisor  arc 
listed  below.  They  do  not  include  all  responsibilities  but 
should  give  you  an  idea  of  the  areas  that  you  must  be 
concerned  with  if  you  are  in  charge  of  your  shop. 

a.  Supervises  and  directs  shop  activities  to  maximize 
production.  Assigns  work  to  workers. 

Ensures  compliance  with  the  work  schedule, 
c.  Helps  the  superintendent  set  standards  of  maintenance 
to  include  developing  the  recurring  maintenance  program. 

c.  Makes  sure  workers  have  tools  and  shop  equipment 
necessary  to  do  their  work. 

e.   Identifies  requirements  for  operating  supplies  and 
special  levels  to  material  control. 

/.   Reviews  the  bench  stock  list  and  advises  material 
control  of  problems. 

g.  Enforces  supply  discipline  by  seeing  that  only 
authorized  material  and  spare  parts  are  on  hand. 

h.  Advises  material  control  of  excess,  repairable,  or 
condemned  equipment,  materials,  sparc  parts,  and  tools. 

/.  Trains  and  provides  operating  instructions  to  users  of 
equipment  and  appliances. 
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j.  Helps  the  planners  estimate  work  orders  and  job 
orders. 

k.  Makes  sure  required  records  and  reports  are  accurate, 
legible,  complete,  and  submitted  on  time. 

/.  Reviews  workload  to  determine  capability  to  do  all 
scheduled  work  orders  and  job  orders.  Reviews  should  be 
done  before  the  weekly  scheduling  meeting. 

m.  Exercises  direct  supervision  over  all  assigned  military 
and  civilian  personnel. 

n.  Maintains  control  of  workers  through  the  controller. 

o.  Makes  fiftal  inspections  to  complete  work. 

p.  Identifies  training  needs  and  provides  the  on-the-job 
training  to  assigned  workers. 

Makes  sure  workers  provide  an  AF  Form  1255, 
Quality  Control  Evaluation,  to  customers  on  arrival  at  the 
job  site. 

r.  Makes  periodic  job  site  checks. 

Exercises  (04^.): 

1.  You  are  the  supervisor.  The  rewiring  of  a  facility  for  a 
new  flight  simulator  must  be  completed  within  2 
weeks.  You  are  slightly  behind  schedule.  Ainnan 
Jones  and  Airman  Smith  want  3  days  off  to  go 
camping, 
a.  What  is  your  first  consideration? 


b.  How  would  you  handle  Airman  Jones  and  Airman 
Smith? 


343.  Define  job  proficiency  and  state  the  importance  of 
job  proficiency  as  it  relates  to  you  job  as  a  supervisor. 

Job  Proficiency,  In  order  to  get  out  the  work,  you  must 
be  able  to  do  your  job  well  as  a  supervisor.  If  you  were  to 
make  a  list  of  the  qualities  of  a  good  supervisor,  you 
certainly  would  have  to  place  job  proficiency  somewhere 
near  the  top  of  the  list.  You  must  know  electrical  work  or 
you  will  not  know  if  your  workers  are  doing  their  jobs 
correctly  or  not.  A  big  part  of  your  job  is  training  your 
workers  on  the  job.  How  can  you  train  others  if  you  don*t 
know  how  to  do  the  job  yourself?  For  example,  one  task  in 
your  career  field  is  to  install  power  panels.  There  is  a 
correct  way  to  do  this  task.  There  is  also  a  dangerous  way  to 
do  it.  You  must  know  the  difference. 

The  best  electrical  worker  does  not  always  make  the  best 
supervisor  because  there  are  a  lot  of  other  qualities  to  being 
a  good  supervisor.  However,  to  be  respected  by  the  people 
who  work  for  you,  you  must  be  proficient  in  542X0  skills. 

Exercises  (043): 
1 .  What  is  job  proficiency  as  it  relates  to  this  course? 


2.  What  would  be  tw^o  likely  results  if  you  tried  to 
supervise  a  group  of  54250  personnel  without  knowing 
jobs  of  an  electrician  or  being  able  to  perform  related 
tasks? 


2.  Sergeant  Sims  requests  10  days  TDY  to  attend  the 
JSUDS  (Joint  Service  Interior  Intrusion  Detection 
Systems)  course.  The  interior  shop  is  2  people  short 
and  is  behind  on  work  orders.  As  the  supervisor,  what 
should  you  do? 


3.  Colonel  Y.  Knot  calls  and  wants  you  to  install  a  light 
switch  on  the  back  of  his  house  that  afternoon.  This 
project  is  not  on  your  production  schedule.  What 
should  you  do? 


4.  You  have  two  pipe  threaders  in  your  shop  that  do  not 
work.  What  are  your  responsibilities  in  this  situation? 


5.  Two  new  airmen  are  assigned  to  your  shop.  What  are 
your  responsibilities  to  these  people? 
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044.  Given  situations  requiring  good  leadership  traits, 
state  what  traits  you  can  use  to  handle  the  situation  in  a 
manner  that  will  not  reduce  effective  mission 
accomplishment. 

Leadership.  You  be  able  to  lead  people  in  order  to  get 
the  work  done.  Most  people  can  be  led  readily,  but  they  do 
not  like  to  be  driven.  The  old  **whip-cracking'*  boss  went 
out  with  the  horse  and  buggy. 

Intelligent  people  who  expect  to  be  leaders  must  know 
the  traits  of  good  leaders  so  that  they  can  practice  them.  A 
list  of  these  traits,  which  is  by  no  means  complete,  follows: 

a.  Leaders  understand  their  personnel  as  individuals  in 
spite  of  their  sex,  schooling,  experience,  age,  race  or 
religion. 

b.  Leaders  can,  when  necessary,  be  firm  with  workers 
without  losing  their  temper. 

c.  Leaders  are  not  afraid  of  their  positions,  their  own 
boss,  the  directives,  or  any  tough  jobs. 

d.  Leaders  are  easy  to  approach  and  also  easy  to  get 
away  from  almost  any  time. 

e.  Leaders  are  people  you  can't  fool,  though  they  may 
have  the  good  sense  to  look  away  at  the  right  time. 

/.  Leaders  know  most  of  the  answers,  but  will  admit  it 
when  there  is  one  they  don't  know.  They  will,  however, 
Rnow  where  to  get  the  right  answer. 

g.  Leaders  can  show  their  people  how  to  do  a  job  without 
showing  off  or  showing  up  their  employees. 
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A.  Leaders  are  predictable. 

I.  Leaders  are  honest,  but  can  see  through  trickery. 

J.  Leaders  identify  with  their  employees  and  will  fight 
for  them ,  provi^^ed  they  are  in  the  right.  Even  when  they  are 
wrong,  the  leader  will  support  them  and  encourage  them  to 
be  right. 

Leaders  get  a  kick  out  of  tlieir  work  and  aie  able  to 
project  their  enthusiasm. 

/.  Leaders  believe  that  their  work  is  important. 

m.  Leaders  will  listen  to  something  iinportant  but 
rememK-^r  an  * 'appointment"  when  they  hear  idle  talk. 

n.  Leaders  give  the  impression  of  trying  to  work 
themselves  out  of  their  jobs  and  work  their  people  into 
them. 

o.  Leaders  get  around  but  do  not  gossip. 
p.  Leaders  talk  in  terms  of  joint  activity.  They  like  to 
stress  the  word  "we"  and  mean  it. 

The  traits  above  refer,  of  course,  to  good  leaders.  The 
statements  are  written  in  positive  terms.  For  a  moment  let's 
take  a  look  at  the  other  side  of  the  coin  and  see  some  of  the 
qualities  of  poor  uaders.  Poor  leaders  have  a  negative 
influence  on  those  they  supervise.  *'A  shop  is  a  reflection  of 
the  leader"  is  a  statement  that  has  much  truth  in  it.  A  good 
leader  reflects  a  good  shop.  A  poor  leader  reflects  a  poor 
shop.  If  the  leaders  have  poor  morale,  like  a  contagious 
virus,  they  will  pass  it  on  to  their  employees.  This  type  of 
situation  is  created  when  supervisors  are  critical  of  their 
jobs,  their  supervisors,  and  those  they  direct.  In  such  a 
case,  dissatisfied  supervisors  can't  create  enthusiasm  for 
work  and  for  self  improvement  for  members  of  their  teams. 
Such  failure  results  in  low  productivity,  poor  quality 
products,  and  personnel  wanting  to  leave  the  shop. 

Good  leaders  try  to  avoid  conflicts  between  their  people 
and  higher  level  orders  which  they  must  pass  on.  A  full 
explanation  of  an  order  will  often  prevent 
misunderstanding.  In  group  or  private  conferences,  leaders 
explain  possible  sources  of  friction  before  their  people  get 
excited.  They  do  not  let  someone  else  inform  them  of 
something  unpleasant  concerning  their  jobs.  They  tiy  to 
discover  the  basic  reason  for  the  order;  and  in  passing  the 
information  on  to  those  under  their  supervision,  they 
explain  the  order. 

Exercises  (044): 

1 .  In  the  following  situations,  state  what  leadership  traits 
you  should  use  to  handle  the  situation  in  the  most 
effective  manner, 
a.  One  of  your  workers  comes  to  you  with  a 
fluorescent  dimming  ballast  component  you  are 
unfamiliar  with. 


b.  Sgt  Hassle  has  a  personal  problem  and  needs 
someone  to  talk  to. 
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c.  Sgt  Anderson,  a  female,  just  arrived  in  your  shop 
and  ter  <>u  she  is  willing  to  accept  any 
challenge 


d.   You  overhear  that  Amn  N.  Trouble  is  having 
marital  problems. 


e.  You  have  two  very  capable  NCO's  in  your  shop 
who  want  to  help  with  some  of  the 
responsibilities. 


f.  A  group  of  your  workers  are  sitting  in  the  break 
area  discussing  a  job.  As  the  conversation 
lengthens  they  begin  to  discuss  the  party  they 
went  to  on  Saturday  night. 


g.  Amn  Tom  Maker  has  been  goofing  off  on  the  job. 


h.  The  O&M  chief  has  directed  that  your  shop  is 
going  to  have  to  work  on  Saturdays  for  the  next  3 
weeks  to  catch  up  on  backlogged  work. 


i.  In  the  past,  you  have  let  people  off  who  have 
worked  overtime  on  the  weekend. 


j.  The  commander  is  on  Sgt  Morgan's  back  for 
cutting  power  to  the  Officer's  Club  during  an 
emergency. 


045.  List  the  questions  and  steps  necessary  to  orientate 
new  workers. 

Orienting  New  Personnel.  When  new  workers  are 
assigned  to  your  shop,  you  should  introduce  them  to  the  job 
and  to  the  people  with  whom  they  will  be  working.  This 
orientation  is  one  of  your  most  important  responsibilities 
because  this  is  when  the  new  workers  get  their  first 
impression  of  you  and  their  new  assignment.  Their  first 
impression  is  good  or  bad,  depending  upon  how  well  you, 
the  supervisor,  conduct  the  orientation.  The  effects  of  bad 
orientation  take  a  long  time  to  correct,  whereas  good 
orientation  satisfies  the  four  basic  needs  of  people — 
recognition,  opportunity,  security,  and  a  feeling  of 
belonging. 
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When  new  workers  report  for  duty,  remember  that  the 
orientation  can  be  a  distinctly  motivating  factor,  because  it 
can  convince  them  that  they  have  found  a  good  job  in  an 
interesting  and  important  place  to  work.  Before  you  begin 
the  actual  orientation,  introduce  yourself,  then  guide  the 
conversation  along  personal  lines: 

a.  Get  their  names  correctly,  then  remember  and  use 
their  names  as  you  proceed  with  the  interview. 

&.  Find  out  their  marital  status  and  (if  applicable)  the 
number,  age,  and  sex  of  their  children. 

c.  Ask  their  age. 

d.  Ask  about  their  education  and  experience  and  their 
sfKCial  training  and  talents. 

e.  Check  on  their  hobbies  and  interests. 

/.  Find  out  about  their  home  background.  (You  may  have 
mutual  interests,  or  someone  already  working  in  the  shop 
may  be  from  the  same  locality  .) 

g.  Find  out  where  they  are  living.  If  they  are  living  off 
base,  offer  to  help  them  find  a  car  pool  or  satisfactory 
transportation  to  work. 

ft.  For  each  bit  of  information  you  get  from  them,  try  to 
give  them  a  little  in  return,  not  only  about  yourself,  but 
about  the  people  witli  whom  they  will  work. 

With  this  information,  you  will  know  better  how  to  orient 
new  workers.  Tell  them  to  ask  questions  when  they  want 
further  clarification;  then  give  the  official  part  of  the 
orientation  as  follows: 

a.  The  functions  and  organizational  structure  of  the 
shop. 

b.  Where  their  positions  fit  into  the  organizational 
structure,  and  the  importance  of  their  positions. 

c.  The  supervisory  chain  of  command  and  the  person  to 
whom  they  are  directly  responsible. 

d.  Duties  and  responsibilities  in  their  positions  and  the 
opportunities  for  advancement. 

e.  The  concepts  of  career  development  and  their 
relationship  to  the  career  program. 

/.  The  new  duties  from  the  specialty  description  and 
specialty  training  standard  that  tliey  will  learn  to  perform  in 
their  assignment. 

g.  The  standard  of  work  required. 

A.  Specific  shop  procedures  and  policies  (duty  hours, 
special  details,  special  meetings  to  attend,  etc.). 

Finally,  introduce  them  to  the  other  shop  personnel.  As 
you  walk  around,  point  out  items  of  interest(emparticularly 
those  that  specifically  relate  to  their  former  job.  Don't 
buiden  them  with  a  lot  of  small  details  that  they  won't 
understand.  Leave  the  small  details  for  them  to  learn  when 
they  actually  start  doing  the  tasks.  Introduce  them,  not  only 
as  new  workers  but  as  people  of  interest.  Say  something 
about  their  qualifications  or  interests.  Take  special  pains  to 
introduce  them  to  the  people  who  come  from  the  same  part 
of  the  country  or  who  may  know  the  same  people.  Then 
introduce  and  turn  them  over  to  the  people  who  will  be 
responsible  for  their  training. 

During  the  following  days  and  weeks,  as  they  train  on  the 
job,  be  sure  to  give  them  any  needed  assistance,  let  them 
know  how  they  are  getting  along,  give  them  credit  when 
due,  anc>  ^^ain  their  confidence.  You  must  learn  all  you  can 
about  their  emotional  stability  and  their  ability  to  solve  the 
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problems  that  might  otherwise  have  a  bad  effect  on  their 
work. 

Exercises  (045): 

1.  Sgt  John  A.  Brown  has  just  arrived  on  base  from 
another  base.  He  is  assigned  to  your  shop  and  you  need 
to  orientate  him.  In  the  vspace  provided  below,  make  up 
a  brief  list  of  questions  intended  to  get  information 
about  him  and  his  background. 


2.  In  the  space  provided,  outline  the  official  information 
you  must  tell  Sgt  Brown. 


046.  State  the  procedures  used  to  establish  work 
priorities  and  work  assignments. 

Work  Priorities.  There  are  many  questions  that  you 
must  ask  yourself  in  order  to  analyze  the  work  distribution, 
establish  priorities,  and  schedule  work  in  your  shop.  Some 
of  these  questions  are  as  follows: 

a.  Which  jobs  are  the  most  urgently  needed? 

b.  Which  activities  take  the  most  time? 

c.  Are  there  any  jobs  that  are  misdirected? 

d.  Are  the  jobs  assigned  to  the  correct  shop? 

€,  Is  your  shop  required  to  do  too  many  unrelated  tasks? 
/.  Is  the  work  distributed  evenly? 

g.  Arc  supplies  and  equipment  available  to  accomplish 
the  job? 

If  you  have  the  answers  to  these  questions,  you  will  be  in 
a  position  to  see  the  relationship  of  these  different  jobs  and 
can  come  to  a  conclusion.  This  is  not  to  be  interpreted  to 
mean  that  you  don't  already  know  what  is  going  on  in  your 
shop.  We  are  not  talking  about  job  classification  or  Air 
Force  specialty  when  we  discuss  work  priorities  and  work 
distribution.  Rather,  we  are  talking  about  specific,  detailed, 
factual  information  that  is  assembled  in  one  place  in  an 
orderly  way  to  help  you  make  improvements  more  easily. 
In  order  to  be  a  good  supervisor  you  should  always  seek 
new  ways  to  improve  your  organization. 

Obviously,  the  most  time  should  be  devoted  to  the  most 
important  work — those  operations  that  contribute  most 
directly  to  the  mission  of  your  organization.  Operations 
should  be  the  right  number  and  type  to  accomplish  this 
mission.  Time  totals  for  other  operations  normally  should 
reflect  the  relative  importance  of  that  operation.  By  keeping 
on  the  alert  when  you  study  your  work  distribution,  you  will 
find  that  the  effort  expended  is  repaid  many  times  over. 
Also,  you  will  be  surprised  at  how  much  you  can  learn 
about  how  the  work  in  your  unit  is  done. 

Only  operations  and  tasks  that  are  essential  to  the 
organization's  mission  should  be  accomplished.  Work  that 
duplicates  work  done  elsewhere  may  be  misdirected  effort. 
Misdirected  effort  often  shows  up  in  the  form  of  excessive 
personal  time  or  time  not  accounted  for.  Any  work  being 
performed  that  does  not  contribute  to  the  mission  is  likely  to 
be  misdirected  effort. 

112 


Work  Assignment.  After  you  detemiine  that  the  work  is 
the  right  type  for  your  shop  and  you  have  it  scheduled  for 
completion  by  priority,  the  next  thing  that  you  must  do  is  to 
assign  the  people  to  do  the  job.  There  are  several  questions 
that  you  can  ask  yourself  to  help  you  make  these  decisions. 

Are  skilled  workers  doing  considerable  routine  work  or 
other  tasks  that  do  not  use  their  skills?  The  supervisor  and 
skilled  workers  should  do  a  minimum  amount  of  routine  or 
other  unskilled  work.  This  can  be  a  problem  with  willing 
workers  as  tliey  may  take  on  work  below  their  skills. 

Do  workers  have  tasks  that  are  above  their  skills  or  for 
which  they  are  not  trained?  Workers  doing  work  far  above 
their  skills  usually  will  do  less  woik,  do  poorer  quality 
work,  and  cause  more  accidents  than  workers  with  pre-  ;r 
skills.  Skilled  work  should  be  concentrated  in  some 
positions  and  unskilled  work  in  others,  where  possible. 

Are  willing  workers  assigned  tasks  that  are  unrelated  to 
their  normal  work?  Few  people  can  do  all  types  of  work 
equally  well;  the  assignment  of  unrelated  tasks  to  workers 
can  result  in  poorer  work,  less  enthusiasm,  and  more 
fatigue.  The  assignment  of  related  tasks  to  a  worker  makes 
training  to  increase  the  worker's  skills  easier.  Willing 
workers  should  not  be  assigned  or  allowed  to  assume  too 
many  tasks  just  because  of  their  willingness.  Tasks  should 
be  organized  in  related  groups  and  then  assigned  to 
appropriate  workers. 

Are  many  workers  doing  a  small  or  unimportant  task  that 
one  person  could  do  more  efficiently?  If  several  workers  are 
filing,  answering  the  phone,  cleaning  the  shop,  or  doing 
some  similar  task,  the  task  may  be  badly  performed  and 
skills  may  be  wasted.  Also,  tasks  may  be  given  to  so  many 
workers  that  no  one  is  responsible  for  them.  One  person 
working  steadily  usually  can  accomplish  a  task  more 
effectively  than  many  workers  doing  a  small  part  of  the 
same  task. 

What  do  you  think  happens  if  the  work  is  not  evenly  or 
fairly  distributed  among  your  workers?  Obviously, 
everyone  won't  be  carrying  a  fair  share  of  work.  Worker 
morale  will  decrease,  accidents  may  increase,  and  some 
workers  may  be  idle  or  '*goofmg  off.**  Overloading  or 
underloading  workers  will  get  poor  results.  Aim  for  a 
balanced  workload  among  workers. 

Exercises  (046): 

1.  What  type  of  work  takes  first  consideration  when 
making  out  the  schedule? 


2.  What  is  misdirected  work? 


3.  Who  in  your  shop  should  do  the  lesser  skilled, 
routine-like  work? 
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4.  What  problems  could  result  by  assigning  your  workers 
jobs  far  above  their  abilities? 


5.  What  is  an  advantage  to  insuring  workers  are  assigned 
to  related  tasks. 


6.  List  two  advantages  to  assigning  one  worker  to 

perform  a  routine  task. 


7.  What  could  result  if  the  work  is  not  evenly  or  fairly 
distributed? 


047.  Given  four  rules  for  organization  in  management 
principles  and  four  situations,  associate  the  rules  with 
the  situations. 

Management  Principles.  Your  job  calls  for  you  to 
supervise  maintenance,  inspection,  and  repair  activities.  In 
order  for  you  to  do  a  good  job  of  supervising  these 
activitijs,  you  must  have  some  knowledge  of  management 
principles.  Management  may  be  defined  as  the  process  of 
organizing,  coordinating,  and  using  resources  to 
accomplish  work  that  has  been  planned.  There  are  many 
other  definitions  and  there  are  scores  of  books  written  on 
management.  To  express  a  complex  subject  in  simple 
terms,  you  could  say  that  management  is  using  common 
sense  to  get  the  job  done  efficiently.  This  whole  chapter. 
Supervision  and  Training,  relates  to  management 
principles.  This  particular  objective  is  limited  to  the 
portion  of  management  called  organization. 

Organization.  To  practice  good  management  principles, 
you  must  be  able  to  organize.  Organization  is  a  process  of 
putting  things  in  order  in  some  kind  of  working  system. 
You  organize  your  room  when  you  get  ready  for  an 
inspection.  You  organize  your  thoughts  before  you  give  a 
speech.  You  organize  your  job  and  the  jobs  of  your 
workers,  and  you  organize  the  steps  and  processes  by  the 
tasks  that  are  accomplished.  You  may  do  these  things 
consciously  or  unconsciously,  but  one  way  or  another  YOU 
DO  ORGANIZE.  There  are  four  principles  or  rules  which 
can  help  you  to  organize  your  unit  effectively. 

Rule  L  The  first  rule  is  that  each  person  must  have  only 
one  boss.  He  or  she  should  take  orders  from  that  one  boss 
and  receive  directives  and  directions  from  only  that  boss. 
Have  you  ever  been  in  a  position  where  the  big  boss  gave 
you  orders  that  were  different  from  those  that  your 
supervisor  gave  you?  It  is  very  confusing  to  say  the  least. 
An  armed  force  will  lose  its  effectiveness  when  the  chain  of 
conmiand  is  broken — so  will  a  shop.  The  saying  that  *'no 
man  can  serve  two  masters*'  is  as  true  today  as  it  was  2000 
years  ago.  Every  person  must  know  who  their  boss  is  and 
must  take  orders  from  that  boss. 
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Rule  2.  The  second  rule  is  that  you  must  not  try  to  handle 
too  many  people.  There  is  no  set  number  that  one 
supervisor  can  handle.  It  depends  on  such  factors  as  time, 
type  of  job,  difficulty  of  woik,  and  concentration  of 
personnel.  If  the  job  is  such  that  your  employees  work 
close  together,  you  may  be  able  to  handie  15  to  20  people; 
but  if  the  job  is  scattered,  four  or  Five  may  be  enough. 

Rule  3.  The  third  rule  of  good  organization  is  that  you 
must  be  given  the  authority  to  get  the  job  done.  Nothing  is 
harder  on  morale  than  to  give  supervisors  a  job  and  then  tie 
their  hands  by  not  giving  them  any  authority.  If  you  give 
people  the  leadership  to  get  a  job  done,  you  should  also  give 
them  the  authority  to  coordinate  the  work  with  other  shops. 
You  should  give  them  the  authority  to  get  supplies  and  to 
draw  the  tools  necessary  for  the  job. 

Rule  4.  The  fourth  rule  in  organizing  is  that  every  person 
must  answer  for  their  own  work.  Supervisors  must  be 
responsible  for  their  own  jobs,  which  iucludes  the  work  of 
their  workers.  They  answer  to  their  bosses  for  the  work  of 
their  organizations.  Of  course,  the  workers  in  theii: 
organization  must  answer  to  them.  Every  person  is 
responsible  for  his  or  her  job  to  the  next  person  above  theni. 


Exercises  (047): 

1.  Match  the  following  rules  for  organization  in 
management  principles  to  the  appropriate  situation 
below  by  placing  the  letter  of  the  rule  in  the  space 
provided. 

a.  Each  person  must  have  only  one  boss. 

b.  One  person  should  not  be  given  too  many  people 
to  supervise. 

c .  Authority  must  be  given  to  get  the  job  done . 

d.  Each  person  must  answer  for  their  own  work. 

 (1)  You  are  the  supervisor  of  a  very  large  interior 

electric  shop.  There  are  30  people  altogether  with 
6  assigned  to  the  alarm  crew,  10  to  the  minor 
construction  crews,  4  on  equipment  maintenance, 
5  on  relamping,  and  4  people  working  on  service 
calls  and  job  orders.  You  designate  the  ranking 
person  of  each  crew  as  crew  leader.  You  are  in 
direct  supervision  of  these  crew  leaders  and  they 
are  in  direct  supervision  of  the  people  in  their 
crew. 

 (2)  In  the  crews  mentioned  in  number  (1)  above,  each 

crewmember  is  only  responsible  to  the  crew  leader 
and  receives  instructions  and  directions  from  them 
only. 

 (3)  Each  crew  leader  is  given  the  autliority  to  carry 

out  his  or  her  jobs  and  draw  the  necessary  supplies 
for  the  jobs. 

 (4)  Each   crew   leader   holds   his   or  her  people 

responsible  for  their  work,  you  hold  the  crew 
leaders  responsible  for  their  crew*s  work,  and  your 
boss  holds  you  responsible  for  your  shop*s  work. 
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048*  State  ways  of  giving  directions  so  they  are  well 
received  and  understood  and  specify  when  oral  and 
written  directions  should  be  used. 

Directing  Work.  Directing  work  is  a  vital  activity 
required  between  the  time  you  prepare  for  operations  and 
the  time  that  actual  operation  starts.  It  consists  of  issuing 
instructions  to  subordinates  about  what  to  do  and  how  and 
when  to  do  it.  Good  performance  depends  upon  a  clear 
understanding  of  what  is  to  be  done  between  the  workers 
and  the  supervisor.  This  understanding  is  often  quite  hard  to 
achieve  since  the  directions  given  may  mean  one  thing  to 
the  supervisor  and  something  else  to  the  worker. 

Two-way  process.  When  you  give  work  directions,  you 
must  know  your  subordinates'  capabilities  and  workloads. 
You  need  to  considtsr  the  equipment,  material,  and  supplies 
needed  to  do  the  work.  If  you  ignore  these  factors,  it  will 
cause  lost  time  and  disgruntled  workers.  Maybe  you  can 
recall  some  examples  of  poorly  planned  work  assignments. 
When  you  give  an  assignment,  make  sure  that  it  is 
understood.  If  the  workers  do  not  understand,  they  should 
let  you  know.  This  interchange  of  information  leads  to 
better  relations  and  a  better  view  of  the  situation  for  both 
you  and  the  workers.  Thus,  the  directing  of  work  should  be 
a  two-way  process  thiU  results  in  improved  performance  and 
harmonious  relations.  To  make  sure  that  your  directions  are 
understood,  ask  the  workers  to  repeat  their  instruction  by 
telling  you  what  they  are  going  to  do.  Also,  ask  them  if  they 
have  any  questions.  Use  of  the  two-way  process  in  directing 
helps  you  stop  confusion  and  lost  manhours,  and  insures 
that  the  worker's  efforts  go  toward  completing  the  job  that 
needs  to  be  done . 

Giving  good  directions.  Many  of  the  directions  you  give 
come  from  regulations,  manuals,  and  operating 
instructions.  Use  these  controlling  directives  as  guides 
when  you  prepare  your  work  directions.  However,  there  are 
some  situations  that  call  for  decisions  and  dii'ections  that  are 
not  found  in  formal  directives.  In  these  cases,  you  must 
develop  your  own  directions  with  the  use  of  organizational 
objectives  and  good  judgment  as  your  guides.  The  way  you 
give  directions  to  workers  will  vary.  Sometimes  you  must 
demand  immediate  action.  In  other  situations,  a  suggestion 
of  what  is  to  be  done  is  enough.  For  example,  if  you  are 
giving  directions  to  a  newly  assigned  person,  use  the 
request  type  of  direction.  Later,  you  may  need  to  alter  the 
type  of  direction  you  give  this  same  person  because  this 
person  responds  best  to  the  demand  or  direct  type  of 
direction. 

With  experienced  workers  who  are  willing  and 
cooperative,  you  get  good  results  with  a  suggested  or 
implied  form  of  direction  or  by  asking  for  a  volunteer.  With 
experienced  workers,  the  demand  type  of  direction  often 
causes  worker  resentment  and  tense  relations. 

Oral  and  written  directions.  Directions  can  be  expressed 
orally  or  in  writing.  Each  method  has  its  advantages.  For 
example,  it  is  foolish  to  give  short,  simple  directions  in 
writing.  It  is  also  poor  supervision  to  give  long, 
complicated  directions  orally.  It  is  sometimes  necessary  to 
give  oral  directions  to  supplement  written  directions.  This 
is  true  when  you  must  explain  a  situation,  when  you  wish  to 
provide  an  opportunity  for  questions,  or  when  you  must  be 
absolutely  sure  that  a  directive  is  understood. 
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To  make  sure  that  your  instructions  are  clear  and  will  not 
cause  confusion  or  misunderstanding,  be  sure  they  answer 
the  questions  of  **What?  Why?  When?  Where?  Who?  and 
How?"  If  all  of  these  questions  are  answered  in  your 
directions,  the  chance  of  misunderstanding  is  greatly 
reduced. 

There  are  times,  even  when  all  of  these  questions  are 
answered,  tlie  directions  may  not  be  understood  because 
you  assume  that  the  worker  has  a  full  knowledge  of  the 
subject.  As  a  result,  you  may  use  words  that  are  too 
technical  or  too  complex,  you  may  not  be  specific  enough, 
or  you  may  include  too  little  information  There  are  other 
times  that  your  instructions  may  answer  the  six  questions 
but  turn  out  to  be  too  long,  too  complicated,  or  not  logically 
arranged.  They  may  make  the  work  seem  unduly 
complicated,  or  may  set  up  such  vague  guidelines  that  no 
one  knows  what  is  to  be  done.  You  must,  therefore,  not 
onlv  be  sure  that  all  necessary  information  is  included,  but 
also  must  check  the  language  used  and  hov'  practical  your 
directions  are. 

Attitude  of  the  directors.  It  is  not  enough  to  be  sure  that 
the  directions  for  doing  a  job  are  complete.  The  attitude  of 
the  individual  who  gives  these  directions  is  also  important. 
For  example,  your  supervisor  may  have  asked  for  a  recount 
of  all  the  parts  in  bench  stock.  The  supervisor  may  have 
finished  the  request  with  a  remark  such  as,  ''Take  care  of  it 
as  quickly  as  you  can,  so  that  we  can  get  on  a  job  that  is 
worth  doing.  Here's  a  copy  of  the  count  you  made  last 
week,  if  you  want  it." 

It  is  not  hard  to  picture  what  the  attitude  of  anyone 
assigned  to  the  preceding  job  is  going  to  be.  If  the 
supervisor  thinks  it  is  a  waste  of  time,  the  worker  has  little 
interest  in  the  job  and  will  do  it  carelessly.  Both  supervisors 
and  workers  must  believe  in  the  importance  of  the  work 
they  are  domg  if  they  are  to  do  it  well  and  enjoy  doing  it. 

Duty  rotation.  Supervisors,  while  directing  the  operation 
of  their  units,  should  make  it  a  point  to  rotate  the  duties  of 
their  people.  A  change  of  duty  is  often  of  value  since  it  may 
keep  workers  from  getting  bored  with  what  they  are  doing. 
It  also  gives  you  a  chance  to  spread  the  less  desirable  jobs 
around  so  that  one  or  two  people  do  not  get  stuck  with 
them.  And,  of  course,  rotation  is  an  important  part  of 
upgrade  training.  It  gives  trainees  a  chance  to  be  trained  and 
get  experience  on  all  tasks  for  which  they  are  responsible. 
An  added  benefit  of  rotation  is  that  it  gives  you  skilled 
persons  who  can  do  essential  jobs  when  some  of  your 
people  are  gone.  An  example  of  how  this  works  would  be 
for  you  to  assign  one  of  your  people  to  help  you  with  the 
paperwork.  This  arrangement  serves  two  purposes.  It 
fulfills  some  of  the  supervisory  and  management  training 
requirements  for  7-level  trainees  and,  at  the  same  time,  you 
are  getting  an  assistant  who  can  free  you  from  spending  so 
much  time  in  the  office. 


2.  Specify  how  you  can  be  sure  that  your  directions  have 
been  understood. 


3.  Where  do  many  of  the  directions  used  to  guide  your 
workers  come  from? 


4.  State  two  things  you  should  use  as  guides  when  you 
must  develop  directions  for  your  workers. 


5.  State  the  type  of  direction  that  is  inferred  in  each  of  the 
following  examples, 
a.  "Sergeant,  would  you  repair  that  hole?" 


b.   "It  would  help  if  we  removed  this  before  we 
repair  it." 


c .   '  'Airman  Jones ,  replace  that  unit.  * ' 


d.  "Who  is  willing  to  stay  late  so  we  can  get  this  job 
done?" 


e.   "Sergeant  Thomas,  there  seems  to  be  a  short 
between  "C"  phase  and  neutral." 


f .   '  'Would  you  complete  the  entries  on  this  form  for 
yesterday's  operation?" 


6.  State  the  conditions  under  which  written  directions 
should  be  prepared. 


7-  Why  is  it  necessary  to  give  oral  directions  at  times  in 
addition  to  written  instructions? 


Exercises  (048): 

1.  State  the  reason  that  directions  given  by  the  supervisor 
do  not  always  get  carried  out. 


8.  State  the  questions  you  must  answer  when  you  prepare 
directions. 
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9.  List  five  things  that  may  keep  your  directions,  even 
though  they  answer  all  the  pertinent  questions,  from 
being  understood. 


10.  State  how  thi  attitude  of  the  person  giving  directions 
can  affect  the  outcome. 


1 1 .  List  three  benefits  of  rotating  dut>'  assignments. 


049.  Differentiate  between  good  and  bad  approaches  to 
human  relations. 

Foundation  for  Good  Human  Relations.  Human 
relations  on  the  job  are  a  major  and  sensitive  responsibility 
of  the  supervisor;  you  are  completely  aware  that  there  are 
differences  among  human  beings  such  as  sex,  race, 
background,  and  creed.  You  should  know  that  people 
consider  their  jobs  as  their  careers.  They  expect  such  things 
as  a  fair  evaluation  of  their  performance,  equal  opportunity 
to  get  ahead,  and  greater  responsibilities  to  do  important 
tasks  and  to  have  new  job  experiences.  They  desire  status, 
the  feeling  of  importance,  and  the  desire  to  belong  to  a 
group.  They  also  want  economic  and  emotional  security. 

When  workers  find  their  status  or  pay  check  threatened, 
they  know  that  something  is  wrong.  They  are  more  likely  to 
accept  change  if  you  prepare  them  for  it.  You  should  try  to 
keep  a  calm  environment  for  people  to  work  in.  Keep 
rumors  down  by  keeping  your  workers  informed. 

Let  workers  know  where  they  stand.  All  workers  need  to 
know  how  they  arc  getting  along  if  they  are  to  be  happy  and 
satisfied  with  their  jobs.  This  includes  whether  workers 
know  they  are  doing  a  good  job  or  not.  How  can  you  do 
this?  First,  you  can  take  an  interest  in  your  workers  and  get 
to  know  each  one  personally.  Secondly,  you  can  have 
periodic  talks  with  each  worker  and  see  that  each  knows  the 
job  requirements.  How  often  you  contact  your  workers  and 
now  close  the  personal  relationship  that  you  maintain 
depend  upon  the  individual  work  situations.  Remember, 
there  is  a  delicate  balance  between  overfamiliarity  and 
friendship.  You  must  use  good  judgment  or  risk  severe 
criticism  that  damages  both  morale  and  production  in  your 
unit. 

Give  credit  when  due.  Recognizing  individual  effort  is 
another  technique  that  aids  you  in  maintaining  good  job 
relations.  Experience  has  proved  that  this  technique  gets 
good  results,  and  supervisors  who  ignore  it  create  problems 
such  as  loss  of  interest  among  their  workers.  But,  knowing 
the  technique  and  knowing  how  to  put  it  to  use  are  two 
different  things.  Giving  credit  when  due  is  a  good  idea — but 
how  do  you  do  it?  There  are  many  ways.  Here  are  some  of 
them:  (1)  give  workers  a  pat  on  the  back  and  a  little  praise 
when  they  do  a  good  job;  (2)  use  letters  of  appreciation  and 
commendation;  (3)  recommend  outstanding  performance 
ratings;  (4)  encourage  the  use  of  both  the  military  and 


civilian  suggestion  programs,  which  can  result  in  cash 
awards  or  other  forms  of  recognition  for  improvements 
developed  by  your  people;  and,  (5)  recommend  deserving 
personnel  for  promotion,  upgrading,  and  better 
assignments. 

Inform  workers  in  advance.  You  need  to  inform  your 
workers,  of  changes  that  affect  them  in  advance.  You  can 
do  this  by  personal  contact  with  the  individual,  by  written 
notices  or  bulletins,  or  by  inform?!  r>eetings  and 
discussions.  The  last  method  is  good,  dut  calling  workers 
together  in  a  meeting  to  present  a  change  does  not 
automatically  win  their  support  and  approval.  You  must  get 
their  interest  and  participation.  If  possible,  get  the  workers 
in  on  the  planning  for  the  changes.  Encourage  them  to 
contribute  ^eir  ideas  and  **pitch  in"  to  meet  the  problem. 
The  supervisor's  attitude  and  conduct,  in  general,  greatly 
influences  the  workers'  willingness  to  cooi>erate. 

Gain  the  workers*  confidence.  Take  a  personal  interest  in 
each  worker;  be  friendly,  helpful,  and  fair  in  your  dealings; 
encourage  the  workers  to  come  to  you  with  their  problems, 
and  take  action  on  their  problems  if  possible. 

When  properly  used,  these  techniques  can  be  of  great 
assistance  to  you.  But  remember,  **No  two  people  are 
exactly  alike."  You  must  get  to  know  your  workers  and 
understand  their  individual  differences  and  needs.  Study 
each  individual.  Learn  the  personal  interests  and  problems 
of  each  worker  and  know  what  his  or  her  reactions  will  be. 
You  can  then  treat  each  worker  as  an  individual. 


Exercises  (049): 

1.  Mark  the  following  statements  with  a  **G"  for  good 
techniques  of  human  relations  or  **B"  for  bad 
techniques  of  human  relations. 

a.   Do  not  bother  a  worker  who  is  doing  a  good  job. 

b.   Get  to  know  each  worker  personally. 

c.   Have  short  periodic  talks  with  workers  to  be  sure 

they  know  their  job  requirements. 

d.   Check  on  what  your  workers  are  doing  several 

times  a  day. 

c.   Stop  and  **shoot  the  breeze''  with  your  workers 

frequently. 

f .   Get  to  be  good  buddies  with  at  least  some  of  your 

workers. 

g.   Make  sure  you  praise  a  worker  who  does  a  good 

job. 

h.   Have  workers  turn  in  a  suggestion  if  they  come  up 

with  an  improved  way  of  doing  a  job. 

i.   Do  not  be  afraid  to  give  exceptional  workers 

outstanding  performance  ratings. 

j.   When  a  change  is  needed,  decide  on  the  change  and 

then  make  it. 

k.   Ask  your  workers  for  suggestions  when  you  find 

current  procedures  are  not  getting  the  work  out  on 
time. 

1.   Try  to  treat  each  worker  the  same  way  the  worker 

treats  you. 

m.  Don't  get  involved  with  the  problems  of  workers 

unless  they  ask  you  for  help. 
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050.  List  methods  you  should  avoid  when  solving  a 
problem  and  specify  the  steps  to  take  to  solve  a  problem. 

How  to  Handle  a  Problem.  We  are  surrounded  with 
problems.  Soipe  are  small;  others  are  large.  Some  maybe 
simple;  others  are  so  complex  that  there  seems  to  be  no  way 
to  solve  them.  Fortunately,  the  Air  Force  has  developed 
tried  and  true  procedures  which  work  in  solving  99  percent 
of  the  problems;  that  you  are  apt  to  encounter  on  the  job. 
Unfortunately,  some  supervisors  have  not  studied  these 
methods.  Instead,  they  use  methods  of  their  own. 

The  wrong  way.  There  are  six  methods  used  to  face 
problems  which  almost  always  end  in  disaster.  These  are 
shown  in  Figure  3-1,  "How  Sgt  Blow  Faces  Problems." 
Believe  it  or  not,  some  supervisors,  and  individuals  too,  use 
one  or  more  of  these  methods  when  faced  with  a  problem. 
Sgt  Blow,  in  Figuie  3-1,  ignores  the  problem.  He  also  uses 
method  number  4  (he  runs  away  very  often  during  duty 
hours  to  the  NCO  club).  A  supervisor  should  be  on  the  job 
during  duty  hours,  not  goofing  off.  You  can  see  by  his 
shape  that  Sgt  Blow  often  uses  method  number  6.  People 
who  can't  solve  their  probleris  can  very  easily  fall  into  the 
bad  habit  of  overeating,  overdrinking,  or  taking  drugs.  In 
the  figure,  you  can  see  how  important  Sgt  Blow  thinks  he 
is.  He  is  the  big  man  with  the  big  cigar  who  looks  down  his 
nose  at  the  little  man;  no  doubt  Sgt  Blow's  unit  is  like  a 
sinking  ship.  The  tombstone,  in  the  figure,  is  the  result  of 
using  those  unwise  methods  of  problem  solving.  His  section 
is  rated  unsatisfactory  and  Sgt  Blow  is  blown  away,  but  he 
never  learns  thai  he  is  the  reason  why.  When  asked  why  he 
lost  his  job,  bo  uses  method  number  3  and  blames  the 
people  who  worked  for  him  as  the  reason  for  his  section's 
failure. 


The  right  way.  The  procedures  you  should  use  to  solve 
problems  are  summarized  in  Table  3-1,  How  to  Handle  a 
Problem.  Notice  that  the  table  is  made  up  of  five  main 
steps.  These  steps  are  subdivided  into  many  substeps. 
Study  these  steps  to  problem  solving  and  use  them  as  you 
solve  the  problems  that  evolve  around  you. 

Exercises  (050): 

1.  List  six  methods  to  avoid  when  you  must  solve 
problems.   These  steps  do  not  have  to  be  in  any 
order — all  arc  equally  bad. 
a. 


b. 


c. 


d. 


e. 


f. 


'  SIX  METHODS  USED  . 
.  TO  FACE  PROBLEMS  ; 

l.Get  mad  "^j 

-2. Ignore  problem 

3.  Blame  someone  else 

4.  Run  away  to  NCO  Club 

5  Stall-don't  make  deci- 
-  sion  .  . 

e.Eat  •  Eat  •  Eat 


B-BB-Oir 
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Figure  3-1 .  How  Sgt  Blow  Hart  faces  problems. 
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2.  Indicate  the  problem  solving  step  from  Table  3-1 
during  which  the  actions  occur  by  entering  the  proper 
letter  in  the  space  provided. 


TABLE  3-1 
HOW  TO  HANDLE  A  PROBLEM 


Problem  Solving  Steps 

a.  E)efine  the  problem. 

b.  Get  the  facts. 

c.  Weigh  and  decide. 

d.  Take  action. 

e.  Check  results. 


(1)  Consult  with  other  workers. 

(2)  Act  on  selected  solution. 

(3)  Must  be  stated  in  specific  terms. 

(4)  Analyze  the  facts. 

(5)  Review  work  records. 

(6)  Correct  a  faulty  procedure. 

(7)  Establish  relationship  between  facts . 

(8)  Correct  any  obvious  weakness  immediately. 

(9)  Be  careful  of  preconceived  ideas. 

( 1 0)  Leads  to  setting  objectives . 

(11)  Select  the  action  to  take . 

( 1 2)  Observe  job  being  done . 

( 1 3)  May  have  overlooked  a  pertinent  fact . 


051.  List  qualities  you  should  try  to  instill  in  your 
workers  and  in  given  situations »  distinguish  between 
good  and  bad  counseling  principles. 

Counseling  Principles.  As  a  supervisor  in  the  Air  Force, 
you  must  have  a  basic  understanding  of  counseling  and 
guidance.  This  is  because  you  are  required  to  deal  with 
people.  You,  as  a  counselor,  must  be  able  to  interpret  and 
explain  the  counselee's  actions  in  terms  of  motive  or  cause 
if  you  expect  to  help  the  counselees  understand  themselves 
and  solve  their  problems.  To  achieve  this,  you  must  be  on 
the  alert  for  causes.  Surface  effects  like  "coming  in  late" 
and  **will  not  work"  only  indicate  that  a  worker  has  a 
problem.  They  indicate  that  you  must  dig  deep  and  try  to 
find  out  what  the  cause  is.  In  discussing  the  problem  with 
the  worker,  you  must  ask  yourself,  **What  is  the  basic 
cause,  reason,  motive,  or  consideration  that  has  made  this 
person  behave  as  he  or  she  does?" 

When  you  learn  the  principles  of  counseling,  you  avail 
yourself  of  a  method  which  helps  you  put  your  finger  on  the 
real  problem.  It  also  gives  you  a  clue  to  the  answer  to  the 
problem.  And  better  still,  you  gain  an  insight  into  the 
causes  of  potential  problems  and  the  key  to  problem 
prevention. 

People  must  make  decisions  one  way  or  the  other  every 
day  of  their  lives.  The  tossup  type  of  decisions  are  the 
hardest  to  make.  Airman  Joe  Watts  was  on  KP  and  had  to 
separate  truckloads  of  potatoes  into  a  good  pile  and  a  bad 
pile.  When  he  asked  his  supervisor  to  relieve  him  from  that 
duty,  he  said,  **I  don't  mind  the  work,  but  those  decisions 
are  driving  me  nuts.  I  can't  get  them  off  my  mind  and  can't 
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1.  DEFINE  THE  PROBLEM. 

a.  What  is  the  real  problem. 

b.  Write  it  on  paper. 

2.  GET  THE  FACTS--ALL  THE  FACTS. 

a.  Review  ':»e  record, 

b.  Find  out  what  rules  and 
regulations  apply. 

c.  Talk  with  individuals  on 
both  sides. 

d.  Get  opinions  and  feelings. 

e.  Be  sure  you  have  the  whole 
story. 

3.  WEIGH  AND  DECIDE. 

a.  Fit  the  facts  together. 

b.  Consider  their  bearing  on 
each  other. 

c.  What  possible  actions  are 
there? 

d.  Check  practices  and  policies. 

e.  Consider  the  objective  and 
the  effect  on  each  individual 
or  group  and  on  work  unit. 

f.  Don't  jump  to  conclusions. 

4.  TAKE  ACTION. 

a.  Are  you  going  to  handle  this 
yourself? 

b.  Do  you  need  help  in  handling 
the  situation? 

c.  Should  you  refer  this  to  your 
supervisor? 

d.  Watch  timing  of  your  action, 
e.     Don't  pass  the  buck. 

5.  CHECK  RESULTS. 

a.  How  soon  will  you  follow  up? 

b.  How  often  will  you  need  to  check? 

c.  Watch  for  changes  in  output, 
attitudes,  and  relationships. 

d.  Did  your  action  help  work  output? 

PREVENT  THE  DEVELOPMENT  OF  PROBLEMS  3Y 
ELIMINATING  THE  CAUSES 
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go  to  sleep  thinking  about  them.  My  production  has 
dropped  50  percent. " 

Some  people  have  the  ability  to  make  decisions  that 
improve  their  way  of  life.  Others  tnake  decisions  that  are 
self-destructive.  As  a  supervisor,  you  must  help  the  self- 
destructive-type  individuals  learn  how  to  make  decisions 
that  will  improve  their  way  of  life  and  their  image  of 
themselves.  When  they  learn  how  to  make  proper 
decisions,  their  self  qualities  will  change  from  negative  to 
positive.  Your  purpose  in  counseling  should  be  to  produce 
the  following  positive  self-qualities  in  your  workers: 
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•  Self  motivation. 

•  Self  understanding. 

•  Self  responsibility. 

•  Self  directivity. 

•  Self  productivity. 

•  Self  satisfaction. 

Counseling  and  **chewing  out"  are  not  the  same  thing. 
Why  not?  Because  a  **chewing  out"  causes  resentment  and 
frustration  among  the  **chewees"  and  seldom  improves 
their  altitudes  or  production.  On  the  contrary,  a  bawling  out 
usually  causes  anger,  a  negative  attitude,  and  a  reduction  of 
production. 

The  essence  cf  counseling  is  the  ability  to  mentally  and 
emotionally  put  yourself  in  the  place  of  the  person  you  wish 
to  counsel.  You  must  gain  an  understanding  of  this  person's 
problem  by  looking  at  it  as  though  you  were  seeing  through 
his  or  her  eyes. 

This  viewpoint  is  not  an  easy  one  to  acquire,  but  it  is 
basic  to  true  counseling.  It  is  called  empathy.  Empathy  in 
no  way  means  **sympathy"  or  **coddling."  After  all, 
remember  that  you  are  dealing  with  adults,  not  children. 
Whatever  they  have  or  have  not  done,  they  want  to  be 
treated  as  adults. 

Certain  principles  are  followed  by  every  good 
supervisor-counselor.  Probably  the  most  successful  of 
these  principles,  which  you  too  should  learn  and  practice, 
are  these.  The  order  in  which  they  are  listed  is  not,  in  itself, 
especially  significant. 

Counseling  Principles 

•  Respect  each  worker. 

•  Act  friendly — smile. 

•  Listen  to  worker. 

•  Do  not  threaten  worker. 

•  Do  not  argue  with  worker. 

•  Encourage  worker  to  talk  about  the  problem. 

•  Let  worker  express  attitudes  and  emotions. 

•  Relieve  worker  from  fears  and  anxieties. 

•  Help  worker  to  help  themselves. 

•  Be  patient  and  understanding. 

•  Stress  mutual  cooperation. 

•  Stress  joint  responsibility. 

•  Use  problem-solving  methods. 

•  Do  not  gossip  about  problem. 

Exercises  (051): 

1.  List  self-qualities  you,  as  a  supervisor,  wish  to 
produce  in  your  workers. 


2.  Answer  true  or  false.  Counseling  is  chewing  out  a 
person  for  something  he  or  she  has  done  wrong  or 
something  he  or  she  has  failed  to  do.  State  the  reasons 
for  your  answer. 


3.  In  the  following  exercises  place  an  X  in  the  space 
provided  for  bad  counseling  principles. 
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 a.  MSgt  Jones  pounds  the  table  when  telling  AlC  Jack 

Smith  about  his  error. 

 b.  Supervisor  Kelley  is  firm  but  friendly. 

 c.  SSgt  Judy  Sand  tells  her  workers  that  they  should 

be  seen  but  not  heard. 
 d.  TSgt  Bills  says,  **Let  them  talk  so  you  can  get  the 

goods  on  them." 
 e.  Do  not  argue  with  worker  during  a  counseling 

session. 

 f .  Tell  the  boys  what  Amn  Joan  Grey  said  during  her 

interview. 


052.  Distinguish  between  situations  in  which  you  should 
counsel  a  subordinate  and  those  in  which  you  should  not 
counsel,  and  list  the  steps  to  follow  in  solving  a  given 
personnel  problem. 

Problems  of  the  Individual  and  the  Supervisor.  An 

individual  may  be  a  poor  producer  on  the  job  because  of 
personal  problems.  These  problems  can  include,  but  are  not 
limited  to,  overspending,  excessive  drinking,  and 
fhistiation  in  not  being  able  to  reach  a  goal,  among  others. 
Obviously,  workers  who  have  problems  which  they  are  not 
able  to  manage  may  bring  their  problems  onto  the  job  with 
them.  If  they  do  so,  they  cannot  concentrate  properly  on 
their  jobs,  because  their  minds  will  keep  going  back  to  their 
personal  problems.  This  is  where  you  come  in  as  a 
supervisor.  You  can — and  should  try  to — help  these  people 
by  trying  to  find  out  the  real  reason  for  their  low 
productivity.  Besides,  by  working  to  help  such  a 
subordinate,  you  will  be  helping  the  productivity  of  your 
whole  shop.  In  any  event,  when  you  dig  deep,  you  will 
usually  find  that  what  appears  to  be  the  problem  (effect)  is 
not  the  real  one  (cause).  Consider,  for  example.  Airman 
Johnny  Smith,  who  is  making  many  errors.  On  the  surface, 
it  may  seem  that  he  is  just  a  lazy  fellow — one  who  doesn't 
really  care.  Actually,  however,  his  true  problem  is  the 
collector  who  is  hounding  him  for  falling  behind  in  the 
payment  of  his  bills. 

As  a  supervisor,  you  don't  have  to  be  a  **know  it-it-all" 
to  solve  such  personal  problems.  Each  Air  Force  Base  has 
referral  agencies  that  specialize  in  various  fields. 
Therefore,  you  can  refer  the  troubled  worker  to  the 
appropriate  agency.  Some  of  these  agencies  are  the  Legal 
Office,  Red  Cross,  Social  Actions,  Education  Office,  Drug 
Information,  Chaplain,  Career  Advisor,  and  Family 
Services.  Still,  it  is  your  responsibility  as  a  supervisor — no 
one  else's — to  find  out  the  real,  underlying  problem.  An 
important,  fundamental  tool  which  you  can  use  to  do  this  is 
the  counseling  interview. 

The  Counseling  Interview.  The  inter\  lew  is  the  heart  of 
the  counseling  process.  Why?  Because  it  is,  usually,  only 
while  the  counseling  interview  is  in  process  that  the 
counselor  and  coun?  meet  directly,  personally,  and 
jointly  to  discuss  and  attempt  to  resolve — or  at  least 
alleviate — the  counselee 's  problem .  Since  good 
interviewing  is  essential  to  effective  counseling,  every 
supervisor  should  be  familiar  with  its  basic  principles. 
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These  principles  include  preparing  for  the  intcr\'iew, 
conducting  the  interview,  closing  the  interview,  evaluating 
the  success  of  the  interview,  recording  the  interview,  and 
following  up  on  the  interview. 

Preparing  for  the  inter\iew.  In  getting  ready  for  the 
interview,  you  should  collect  all  the  information  possible 
about  the  counselee.  You  should  choose  a  nice  quiet  place 
to  meet  where  there  are  no  interruptions  and  you  should  get 
yourself  mentally  ready. 

Beginning  the  interview.  When  you  begin  the  interview, 
it  is  important  that  the  counselee  be  provided  with  relief 
from  distrust,  tension,  and  insecurity.  To  this  end,  certain 
techniques  are  valuable. 

Establishing  rapport  (harmony).  ''Rapport''  can  be 
defined  as  that  atmosphere  of  understanding,  mutual  trust, 
and  confidence  that  enables  people  to  work  together 
effectively.  Regarding  rapport,  the  initial  meeting  between 
the  counselor  and  counselee  is  often  of  crucial  importance. 
You  can  ''help  things  along"  by  rising  to  your  feet, 
smiling,  extending  your  hand  when  the  situation  demands, 
and  stepping  forward  to  meet  the  counselee.  If  you  do  these 
things  sincerely,  you  will  go  a  long  way  toward  gaining  the 
confidence  and  overcoming  any  defensiveness  the 
counselee  may  feel  at  the  outset. 

Conducting  the  interview.  During  the  interview,  listen 
attentively  to  the  counselee.  Counselors  must  listen!  This  is 
basic.  It  is  likely  that  they  will  learn  very  little  by  talking 
themselves,  but  they  may  learn  a  great  deal  about  people  by 
listening  to  everything  they  have  to  say.  In  fact,  numerous 
studies  made  in  public  schools  and  in  private  industry  have 
shown  that  one  of  the  most  frequent  errors  made  by 
professional  counselors  is  that  they  talk  too  much  and  listen 
too  little.  After  all,  communication  is  a  two-way  process, 
but  the  most  important  input  is  that  of  the  counselee.  As  the 
interview  develops,  you  should  follow  this  four-step 
procedure: 

(1)  Analyze  the  problem  and  situation  thoroughly. 

(2)  Define  the  limits  of  the  problem. 

(3)  List  any  referral  sources  needed. 

(4)  Outline  a  course  of  action  for  solving  the  problem. 

Closing  the  interview.  If  it  is  possible,  have  the  counselee 
summarize  the  interview.  If  the  counselee  is  cooperating  in 
the  counseling  process,  you  may  succeed  in  getting  him  or 
her  to  summarize  what  has  been  learned.  Still,  if  the 
counselees  fails  to  cooperate,  you  may  need  to  make  the 
summary  yourself. 

Evaluating  the  success  of  the  interview.  Inunediately 
after  the  interview,  you  can  take  stock  and  quietly 
congratulate  yourself  on  having  been  successful  to  some 
degree  if  the  counselee  leaves  with: 

a.  A  plan  of  action. 

b.  A  feeling  of  accomplishment. 

c.  The  feeling  that  he  or  she  may  return  at  any  time. 


Recording  the  interview.  Use  the  appropriate  evaluation 
form  to  record  information  that  you  get  during  the 
interview.  Usually,  it  is  considered  best  not  to  make  notes 
during  the  interview.  But  immediately  after  the  interview, 
you  should  record  the  information  in  some  way  so  that  you 
will  remember  all  the  points  covered. 

Following  up  the  interview.  At  this  point,  you  DO  what 
you  told  the  counselee  you  would  do  to  follow  up  on 
progress.  Frequently  counselors  check  just  superficially, 
noting  that  some  improvement  was  made.  This  will  not 
suffice.  Your  follow  up  should  be  a  thorough  investigation 
to  determine  whether  or  not  the  counselee 's  actions  are  the 
ones  agreed  upon  during  the  interview.  When  following 
through  in  this  manner,  you  may  find  a  need  for  further 
consultfcLtion.  Then  you  can  assist  the  counselee  to  continue 
on  a  satisfactory  course  of  action. 

Exercises  (052): 

1 .  Write  T  for  true  or  F  for  false  beside  each  letter-coded 
item  related  to  the  problems  of  the  individual  and  the 
super/isor  which  can  lead  to  the  setting  up  of  a 
counseling  interview  between  them. 

 a.  Workers  with  problems  that  they  can't  manage  may 

bring  them  on  the  job  with  them. 
 b.  As  a  supervisor-counselor,  you  can  help  workers 

with  problems  most  by  discovering  the  real  reason 

for  their  problems,  then  help  them  resolve  the 

problems. 

 c.  It  helps  for  supervisor-counselors  to  be  "know-it- 
alls"  as  they  try  to  solve  their  workers'  personal 
problems. 

 d.  Supervisors  can  refer  troubled  workers  to  various 

referral  agencies  on  base  who  are  better  able  to  help 
them  resolve  their  problems  than  the  supervisor. 

 e.  In  any  case,  it  is  the  supervisor's  responsibility 

still — no  one  else's — to  find  out  the  real, 
underlying  problem. 

2.  Read  the  following  problem  situation,  which  is  based 
on  a  personal  problem  of  AlC  Jim  Johnson  who  works 
for  you.  On  a  plain  sheet  of  paper,  list  the  steps  you 
will  follow  to  solve  this  problem. 
Situation:  You  are  supervisor  of  the  electric  shop.  AIC 
Johnson  works  for  you.  His  records  indicate  that  he  is 
highly  qualified  to  do  the  job.  But,  lately,  he  has  been 
wearing  wrinkled  uniforms  and  often  needs  a  haircut 
and  shave.  He  is  also  performing  below  his  capability, 
seems  sleepy  most  of  tiie  time,  and  complains  of 
having  too  many  bills  to  pay.  How  are  you  going  to 
handle  this  problem? 


In  the  final  analysis,  the  best  criterion  for  evaluating  the 
success  of  any  interview  is  the  results  obtained.  The  results 
arc  beneficial  when  the  counselee's  problem  no  longer 
exists  or  when  a  satisfactory  adjustment  has  been  made,  so 
that  the  condition  no  longer  negatively  affects  the  person's 
achievement. 


053.  Specify  important  considerations  in  determining 
and  using  performance  standards. 

Performance  Standards.  Workers  have  a  right  to  know 
what  their  supervisors  expect  of  them.  They  should  be  told 
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how  their  work  is  to  be  judged.  The  purpose  of  performance 
standards  is  lo  define  the  quality  and  quantity  of  work  that 
must  be  put  into  a  job  for  it  to  be  satisfactorily  completed. 

Determining  standards.  Performance  standards  should  be 
realistic  and  practical.  Quite  often  people  have  difficulty 
when  they  set  up  standards  because  they  put  too  much 
emphasis  on  the  operating  details  of  the  job  rather  than  on 
the  results.  The  objective  should  be  to  set  levels  of 
performance  that  will  get  the  unit's  mission  done. 
Reasonable  standards  stimulate  people  to  work.  Workers 
are  neither  overloaded  nor  underloaded.  Thus,  when 
workers  complete  a  job  that  is  based  on  a  reasonable 
standard,  they  have  a  sense  of  satisfaction  of  a  job  well 
done.  When  workers  are  overloaded,  there  are  accidents, 
errors,  fatigue,  high  turnover  of  personnel,  reseniment,  and 
slowdown.  The  situation  is  just  as  bad  when  workers  do  not 
have  enough  to  do.  The  results  here  are  usually  mischief, 
too  high  a  cost  of  operation,  grievances,  and  absenteeism. 
The  factors  of  worker  overload  and  underload  are  important 
when  you  set  up  the  level  of  performance  standards. 

Performance  standards  for  each  work  operation  must 
describe  what  is  acceptable  performance.  They  should  be 
set  at  the  level  of  performance  that  can  be  expected  of  any 
qualified,  competent  worker.  Workers  become  frustrated 
and  will  quit  trying  to  reach  a  goal  if  the  performance  level 
is  set  too  high.  The  requirement  must  be  at  a  level  that  can 
be  reached  by  average  workers.  There  should  be  room  for 
exceptional  workers  to  perform  above  the  requirement. 

Do  not  base  the  requirement  level  upon  the  performance 
of  the  worker  who  is  now  assigned  to  the  position.  This 
would  assume  that  the  worker  is  meeting  all  the 
requirements  of  the  position  at  an  acceptable  level.  If  such  a 
worker  has  unusually  high  qualifications,  it  will  penalize 
other  workers'  outstanding  performance  as  being  only 
satisfactory,  and  penalizes  futuie  workers  who  are 
competent  but  not  outstanding  by  rating  their  performance 
as  unacceptable.  On  the  other  hand,  if  the  worker's 
performance  is  actually  not  good,  the  established  level  of 
satisfactory  performance  will  be  too  low. 

Another  thing  that  you  must  consider  when  you  are 
determining  performance  standards  is  the  fact  that  all 
workers  do  not  produce  an  identical  amount  and  quality  of 
work.  Rather,  there  is  a  range  of  performance  which  should 
be  considered  as  acceptable.  Performance  that  is  below  this 
level  is  below  average  and  may  possible  be  unacceptable. 
Performance  that  is  above  this  level  is  considered  above 
average  and  may  possibly  be  outstanding.  The  established 
range  should  be  realistic. 

You  can  use  the  following  procedures  to  set  up 
performance  standards: 

a.  Select  the  tasks  or  major  work  factors  of  the  job. 

b.  Decide  tentatively  what  is  reasonable  to  expect  as  to: 

(1)  Quantity  of  results  in  a  given  time. 

(2)  Quality  of  results  in  terms  of  how  well  the  job  must 
be  performed. 

(3)  Manner  of  performance. 

c.  Discuss  tentative  requirements  with: 

(1)  Workers  assigned  to  the  job. 

(2)  Your  supervisors. 


(3)  Other  supervisors  who  detennine  requirements  for 
the  same  type  of  operation. 

d.  Check  the  possible  effect  of  existing  requirements  in 
relation  to: 

(1)  Trade  or  craft  requirements. 

(2)  Management  data. 

(3)  Requirements  of  higher  echelons. 

e.  Review  and  formulate  firm  requirements  that  are  fully 
understood  by  all  workers  affected. 

Using  performance  standards.  Performance  standards 
must  be^  used  to  be  of  any  benefit.  You  must  weigh  the 
worke.s'  performance  continually  against  the  standards  and 
discuss  it  with  them  from  time  to  time.  You  must  then  take 
action  consistent  with  the  workers'  performance  by  (1) 
giving  recognition  to  workers  who  exceed  the  standards,  (2) 
helping  workers  who  are  below  the  standards  by  added 
training  or  other  appropriate  means,  and  (3)  motivating 
workers  who  are  doing  acceptable  work  to  get  them  to 
perform  better  if  they  are  capable. 

Several  distinct  benefits  can  be  realized  from  the  proper 
use  of  realistic  performance  standards.  They  set  what  is  the 
least  acceptable  production  goals  for  c  h  worker.  These 
goals  help  to  give  your  workers  a  better  attitude  toward  the 
work  situation  because  they  tend  to  create  greater  job 
satisfaction.  Other  advantages  are  these:  they  provide  a 
sound  basis  for  estimating  ftiture  work  capacity;  they 
provide  data  for  planning,  organizing,  and  assigning  work; 
they  provide  a  basis  for  determining  who  needs  more 
training  and  how  much;  and  they  provide  a  sound  basis  for 
personnel  actions,  and  formal  ratings  such  as  APR's. 

Exercises  (053): 
1 .  State  the  purpose  of  setting  up  performance  standards . 


2.  Give  two  precautions  that  should  be  taken  when  setting 
up  performance  standards  for  a  job. 


3.  If  standards  are  set  up  that  cause  workers  to  be 
overloaded,  what  effects  are  likely  to  show  up  on  the 
job? 


4.  What  usually  happens  when  job  standards  are  set  too 
low? 


5.  State  the  level  of  performance  that  should  be  set  for  a 
job. 
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6.  Why  should  you  be  careful  not  to  use  the  worker  now 
doing  the  job  as  your  standard  when  setting 
performance  standards? 


7.  State  liow  you  should  allow  for  the  fact  that  all  workers 
do  not  produce  the  same  amount  and  quality  of  work 
when  you  develop  peiformance  standards. 


8.  When  setting  up  a  job  performance  standard,  whose 
opinions  should  be  considered? 


9.  Once  you  have  established  performance  standards, 
how  do  you  benefit  from  them? 


10.  List  four  benefits  that  you  can  gain  from  the  proper  use 
of  realistic  performance  standards. 


054.  State  the  procedures  used  to  get  valid  performance 
ratings  to  evaluate  the  performance  of  an  airman  and 
the  requirements  for  submitting  Airman  Performance 
Reports. 

Evaluation  of  Subordinate  Personnel.   You  as  a 

supervisor  must  be  willing  to  accept  all  the  responsibilities 
that  go  with  supervision.  Often,  one  of  the  more  difficult  of 
these  responsibilities  is  the  evaluation  of  your  personnel  and 
the  preparation  of  performance  ratings.  Many  supervisors 
dread  having  to  carry  out  this  part  of  their  jobs  because,  in  a 
good  deal  of  cases,  the  results  leave  much  to  be  desired.  On 
occasions,  tempers  flare,  words  fly,  and  friendly  working 
relationships  that  are  ne  ded  for  good  performance  are  lost 
or  disrupted. 

Some  of  the  difficulties  involved  in  the  rating  of 
personnel  are  relieved  if  the  supervisor  has  prepared  for  the 
task.  Probably  the  fu^t  and  most  important  way  to  prepare 
your  people  for  rating  is  to  make  sure  that  they  understand 
the  performance  standards  expected  of  them.  When  this 
aspect  of  their  job  is  made  clear,  early  in  their  assignment, 
they  are  not  too  apt  to  plead  ignorance  at  rating  time.  An 
occasional  suggestion  or  reminder  is  useful  when  some 
individuals  tend  to  relax  their  standards.  Also,  an  interview 
or  counseling  session  proves  valuable  at  times  to  improve 
attitudes,  performance,  or  interest  in  becoming  more 
skillful. 

Airman  Performance  Reports  (APR's).  The  basis  for 
rating  is  observation,  evaluation,  and  reporting.  First,  it  is 
necessary  that  the  performance  of  the  individual  be 
observed.  These  observations  should  be  made  over  a  long 
enough  period  of  time  to  be  sure  that  typical  performance  is 
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observed.  This  consists  of  direct  observation  of  the 
person's  behavior,  performance  of  duty,  and  work  quality. 
If  you  can  not  make  direct  observations,  you  should  try  to 
get  meaningful  information  from  as  many  sources  as 
possible. 

Following  your  observations,  you  must  evaluate  the 
typical  performance  o^  the  individual  against  an  acceptable 
standard.  Do  not  place  too  much  emphasis  on  isolated 
instances  of  either  poor  or  outstanding  behavior.  The 
significance  of  the  event,  as  well  as  how  often  it  occurs, 
must  be  weighed,  to  help  you  make  up  your  mind  on  how 
well  it  represents  the  total  performance.  Each  person  must 
be  judged  in  comparison  with  other  persons  who  serve  in 
the  same  grade  and  job. 

After  you  have  made  your  observation  and  evaluated  the 
individual,  you  can  write  the  performance  report.  Tl:e 
report  should  be  made  as  objective  as  possible  on  the  basis 
of  your  observations. 

Performance  reports  are  normally  required  when  there 
has  not  been  a  report  submitied  for  1  year.  Reports  are  also 
required  when  there  is  a  change  in  tliC  rating  official,  or 
when  the  individual's  performance  requires  a  referral 
report.  Prior  service  enlistees  must  have  an  APR  prepared 
120  days  after  enlistment.  Submission  requirements  are 
ouUined  in  Table  3-1  of  APR  39-62,  Noncommissioned 
Officer  and  Airman  Performance  Report, 

Reports  are  to  be  made  by  a  rater  called  the  reporting 
official.  This  official  is  a  commissioned  officer, 
noncommissioned  officer,  a  senior  airman,  or  a  civilian  in 
the  grade  of  GS-4  or  higher.  The  rater  is  usually  the  ratee's 
immediate  supervisor.  Indorsements  generally  follow  the 
chain  of  supervision.  That  is,  the  first  indorser  is  the  rater's 
rater,  the  second  indorser  is  the  first  indorser' s  rater,  and  so 
on. 

Perfonnance  reports  are  not  to  be  used  as  a  means  of,  nor 
as  a  basis  for,  disciplinary  action.  The  reports  become  a  part 
of  the  personnel  records  kept  on  an  NCO  or  airman  for 
administrative  purposes.  They  contribute  information 
concerning  the  individual's  duty  performance,  which,  with 
the  rest  of  the  individual's  personnel  record,  is  used  as 
reference  to  such  personnel  actions  as  promotion, 
classification,  and  assignment. 

Referral  report.  A  report  that  contains  any  ratings  in  the 
lowest  block  (excluding  Not  Observed)  in  any  one  item  of 
section  III  or  an  overall  evaluation  of  0  or  1  in  section  IV  is 
a  referral  report.  Any  comments  in  the  APR,  or 
attachments,  that  refer  to  conduct  incompatible  with  Air 
Force  standards  of  personal  conduct,  character,  or  integrity 
are  also  referral  reports.  Referral  reports  can  also  be  written 
for  below  standard  duty  performance,  dress,  bearing, 
judgment,  leadership,  supervisory  responsibilities,  or 
nonrecommendation  for  promotion  or  reenlistment.  If  there 
is  a  doubt  as  to  whether  the  APR  is  a  referral  report,  it 
should  be  made  a  referral  report. 

Outstanding  report.  An  APR  containing  an  entry  by  any 
rating  official  in  the  highest  rating  box  (box  9)  in  section  IV 
is  considered  outstanding.  The  APR  rating  reported  by  the 
final  indorsing  official  is  the  rating  that  goes  into  the 
computerized  Personnel  Data  System  (PDS). 
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Exercises  (054): 


1 .  Why  do  many  supervisors  find  rating  their  personnel  a 
difficult  job? 


b,  AF  Form  910.  TSgt.  SSgt,  Sgt  Performance  Report  is 
used  for  Technical  Sergeants  (TSgts),  Staff  Sergeants 
(SSgts).  and  Sergeants  (Sgts). 


2.  How  can  you  prepare  your  workers  for  rating'? 


3.  What  are  the  basic  requirements  to  develop  a  valid 
rating? 


4.  How    should    your    observation    of    the  ratee's 
performance  be  made  for  best  results? 


5.  Explain  why  you  should  not  rate  the  worker  on  isolated 
observations. 


c.  AF  Form  911.  CMSgt,  SMSgt,  MSgt  Performance 
Report,  is  used  for  Chief  Master  Sergeants  (CMSgts). 
Senior  Master  Sergeants  (SMSgts).  and  Master  Sergeants 
(MSgts).  Instruction.  For  instructions  on  how  to  fill  out 
these  forms  refer  to  Chapter  4  of  AFM  39-62.  Figures  3-2. 
3-3.  3-4.  and  3-5  show  forms  you  will  use.  along  with  a 
statement  in  each  block  of  the  form,  and  will  give  you  an 
idea  of  what  information  to  fill  in.  It  is  relatively  simple  to 
fill  out  but  for  specific  instructions  or  questions,  always 
refer  to  the  regulation  as  a  guide. 

Type  the  APR  if  possible.  Otherwise,  print  or  legibly 
write  the  entries  in  black  or  dark  blue  ink.  No  corrections  or 
erasures  are  permitted  in  Section  III  and  IV  of  the  report. 
Corrections  or  erasures  made  on  other  parts  of  the  report  are 
authorized  as  long  as  there  aren't  too  many.  If  the  change 
changes  sentence  structure  or  meaning,  it  must  be  initialed 
by  the  evaluator  who  makes  the  change. 


6.  Who  prepares  the  APR  on  an  airman? 


7.  When  would  a  ratee  be  shown  an  APR  before  it  is 
completed? 


8.  When  are  APR's  normally  submitted? 


9.  V/hat  type  of  APR  is  it  when  the  overall  rating  is  1  \ 


10.  If  the  rater  rates  the  individual  as  outstanding  (9)  and 
the  third  indorsing  official  (final)  rates  the  individual 
as  8.  what  is  the  computerized  rating  of  the  APR? 


055.  State  the  procedures  that  apply  to  the  preparation 
of  APR's  and  identify  the  correct  form  to  use. 


Forms  Used.  The  forms  used  in  preparation  of  an  APR 
will  depend  on  the  airman's  grade.  The  forms  to  be  used  are 
as  follows: 

a,  AF  Form  909.  Airman  Performance  Report,  is  used  to 
rate  Senior  Airman  (SRA).  Airman  First  Class  (AlC). 
Airman  (Amn),  and  Airman  Basic  (AB). 
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Letter  of  Evaluation  (LOE).  Sometimes  a  rater  does  not 
have  a  chance  to  fully  observe  a  subordinate's  performance 
and  personal  qualities  during  the  reporting  period.  For 
example,  the  rater  may  change  and  there  was  not  enough 
time  passed  since  the  closeout  date  of  the  last  APR  to 
require  the  submission  of  another  APR.  Another  example 
would  be  when  duty  was  performed  under  the  supervision 
of  someone  other  than  the  rater  for  part  of  the  reporting 
period.  In  either  case  a  LOE  is  submitted.  Conditions  that 
determine  when  to  obtain  or  write  an  LOE  are  in  Table  3-4 
of  AFR  39H52  along  with  rules  that  apply  to  LOEs.  One  of 
the  more  common  rules  thai  may  apply  to  you  is  that  LOEs 
must  be  submitted  if  the  period  of  supervision  is  more  than 
60  days  but  less  than  120  days. 

LOEs  along  with  additional  indorsements  and 
continuation  sheets  are  submitted  on  AF  Form  77. 
Supplemental  Evaluation  Sheet.  An  example  of  Af  Form  77 
is  in  Figure  3-6.  Use  the  same  procedures  to  fill  out  this 
form  as  you  do  on  the  APR  forms. 


Exercises  (055): 

L  Place  the  form  number.  909.  910.  911.  or  77.  in  the 
space  provided  to  show  the  form  used  for  the  situation 
described  below. 


on  active  duty  for  12 


 a.  An  airman  who  has  been 

months  is  due  an  APR. 
 b.  Major  Neal  is  required  to  write  SMSgt  Blackman's 

APR. 

 c.  You  write  SRA  Watt's  APR. 

 d.  SRA  Brown's  APR  is  due  on  March  5  and  he  will 

be  promoted  to  Sgt  on  March  1 . 
 e.  Sgt  Anderson  has  been  under  your  supervision  for 

73  days  and  has  received  a  PCS  assignment. 
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'l       RATEE  IDENTIFICATION  DATA         (Read  AFR  39^62,  VoU,  cartfUUy  befort  eompietins any  Uem,) 
\        HAMZ,  (t  ost,  t  irxf.  MuUh' /futial)                                                                      *  mSAN 

uai-i-rt-  R^i-1-v   T.  000-00-0000 

i 

S.  GRAOE 

AIG 

4         ORGANIZATION.  COMMANO.  LOCATION  ANO  PAS 
COOE 

35th  Cmbat  Support  Group  (TAG) 
George  AFB  Galifornia 
GB0TFD4J 

5.  PERIOD  OF  REPORT  ANO  SUPERVISION 

«.  REASON  FOR  REPORT 

F  ROM 

12  Dec  77 

NO.  OF 
OAVS 

190 

CHANOK  or  P«ATKP« 

ANNUAL. 

THROUGH 

13  Aug  78 

X 

oiRKCTEo  my 

HO  USAF 

7.  PAFSC  Oi 

81150A  7 

3250 

a.  CAFSC 

73250 

II.   JOB  DESCRIPTION:    witig/Base  Records  Clerk, 
maintenance  of  approximately  400  Unit  Personnel  Records  Groups,  Prepares 
"Statements  of  Service" •  Conducts  records  reviews.  Assists  NCOIC  in 
controlling  access  to  Unit  Personnel  Records  Groups. 


III.    EVALUATION  OF  PERFORMANCE 


I.  PKKFOKMaNCE  of  DUTY:  Consider  the 
quantity,  quality,  and  timeliness  of  duties  per< 
formed  as  described  in  Section  II. 


2.    HUMAN  RELATIONS:  Consider  how  well 
ratee  supports  and  promotes  equal  opportunity, 
shows  concern  and  is  sensitive  to  needs  of  others. 


3.    LEARNING  ABILITY:  Consider  how  well 
ratee  grasps  instructions,  communicates  (oral 
and  written),  and  understands  principles  and 
concepts  related  to  the  job. 


RATER 


1ST  INDORSER 


1^ 


RATER 


1ST  INDORSER 


RATER 


1ST  INDORSER 


4.    SKLK-IMFROVEMENT  EFFORTS:  Consider 
how  well  ratee  progresses  in  on-the-job  trainint 
and  in  other  efforts  to  improve  technical  know- 
ledge and  educational  level. 


RATER 


1ST  INDORSER 


IS 


5.  ADAPTABILITY  TO  MILITARY  LIFE: 
Consider  huw  well  ratee  adapts  and  conforms  to 
the  requirements  of  military  duties  not  directly 
related  to  the  job. 


RATER 


1ST  INDORSER 


6.  Bl.AKING  AND  BEHAVIOR:  Consider  the 
degree  to  which  ratee's  bearing  and  behavior  on 
and  off  duty  Improve  the  image  of  Air  Force 
airmen. 


RATER 


1ST  INDORSER 


a  R 


m 


IV.    OVERALL  EVALUATION 


How  dues  the  ratre  compare  with  others  of  the 
same  grade  and  Air  Force  specialty?  Potential  for 
promotion  and  increased  responsibility  are 
essential  considerations  in  this  rating. 


RATER 


1ST  INDORSER 


r~rT~r 


2D  INDORSER 


3D  INDORSER 


1^ 


1^ 


AF    SEP  79  PREVIOUS  EOITIONS  ARE  OBSOLETE. 


AIRMAN  PERFORMANCE  REPORT 
(Airman  Basic  thru  S«nior  Airman) 


Figure  3-2.  AF  Form  909. 
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I.      WATEE  iPENTIFiCATiON  DATA  (Rfd  AFR  39-62,  Vol  A  ccrtfUUy  befon  computing  any  item.} 


1       NAMK  (t.Mt.  t  irxt.  MitUtlc  tninatj                                                                     2  »san 

SELLMAN,  JAMES  S-  000-00-0000 

3  GRADC 

TSGT 

4.       ORGANIZATION.  COMMANO.  L.OCATION  ANO  PAS 
CODC 

35th  Cmbt  Spt  Gp  (TAG) 
George  AFB  California 
GB0TFD4J 

S    FERIOO  or  REPORT  ANO  SUPERVISION 

S  RCAS< 

3N  i^  OR  REPORT 

FROM 

14  Aug  77 

NO.  OF 
O  AVS 

222 

X 

CHANQK  OF  RATER 

ANNUAL 

THROUGH 

5  Jun  78 

DIRECTCD  av 

7.  PArsc                          a.  o Arse 

73270  73270 

CAFSC 

73270 

Wing/Base,  NGOIG,  Records  Unit,     Responsible  for  insuring  the 


accountability,  maintenance  and  control  of  approximately  5500  Unit  Personnel 
Records  Groups.     Schedules  and  conducts  records  reviews.     Provides  required 
support  to  the  remaining  units  within  the  CBPO,     Supervises  eight  personnel. 
Prior  Duty:     DAFSC  -  73270,  Wing/Base,  NCOIC,  Separations  Unit. 


iii.    EVALUATION  OF  PERFORMANCE 


I.    PI-KiORMANCEOF  OUTY:  Coniftdcr  the 
Hutntity.  qunlity.  snd  tlmailneu  of  duties 
perrormcd  as  described  In  Section  ||. 


2.    HUMAN  RKLATIONS:  Consider  how  well 
rstec  supports  and  promotes  equal  opportunity, 
shows  concern  and  Is  sensitive  to  naeds  of  others. 


RATER 


1ST  INDORSER 


N/O 


RATER 


1ST  INDORSER 


1^ 


3.    TKAININli:  Consider  how  well  responsi- 
bilities att  discharged  as  un  OJT  supcrvisur  or 
trainer  and  In  Other  efforts  to  improve  technical 
knowledge  and  educational  level. 


RATER 


1ST  INDORSER 


IS 


IS 


4.    SUPIIKVISION:  Consider  how  well  ratee 
supervises,  leads,  uses  available  resources, 
c<immuni€ates  (oral  and  wiittan)»  and  maintains 
good  o'der  and  discipline. 


RATER 


1ST INDORSER 


$.    ACCKHTANCKOI'  NCO  KtSK>NSIBIUTYr 
Consider  ratee*s  acceptance  of  responsibility  for 
personal  actions  and  those  of  sub(»rdlnates. 


RATER 


1ST  INDORSER 


6.    BKARINC:  AND  UKHAVIQR:  Consider  the 
degree  to  whkh  ratee *s  bearing  and  behavior  on 
and  off  duty  Imprnve  the  image  of  Air  Fc»rce 
noncommissioned  cifficers. 


RATER 


1ST  INDORSER 


N/O 


iV.    OVERALL  EVALUATION 


How  does  the  ratee  compare  with  others  of  the 
same  grade  and  Air  Force  specialty?  Kutentlal 
for  promotion  and  incraaaed  responsibility  are 
essential  considerations  in  this  rating. 


RATER 


1ST  INDORSER 


2D  INDORSER 


3D  INDORSER 


Oll  2  3  4  S  a  7 


I 


I 


IZI 


AC  ^O***^  g%^f% 

mC^  7»  V  III         ^itKVIOUm  KOlTIONm  A 


ItK  OBMI.KTK. 


TSGT,  SSGT,  SOT  PERFORMANCE  REPORT 


Figure  3-3.  AF  Form  910. 
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RATEE  IDENTIFICATION  DATA         (Kt^d  APR  39-62,  Voi  I,  care/^day  btfore  completlnx  My  item  J 


NAMC  (LoMU  First.  Middlt  Initial} 
TURVEY.  DENNIS  R. 


2.  SSAN 

000-00^0000 


ORGANIXATION.  COMMANO.  I.OCATION  ANOFAS 


35th  Cmbt  Spt  Gp  (TAG) 
George  AFB  CA 
GB0TFD4J 


B.  FKniOO  or  NCFORT  ANO  SUFKN  V  ISIO  r 


FROM 

14  Aug  77 

HO.  OF 

330 

CHAHGK  OP  RATKR  1 

X 

AHHUAl.  j 

THROUGH 

13  Aug  78 

oiRCCTCo  •y  1 

FAFSC 

81199 


3  GRAOC 

SMSRt 


•  .  RCASOH  FOR  REPORT 


t.  O  AFSC 

73299 


•  .  CAFSC 

73299 


II.    JOB  DESCRIPTION:    Wing/Base,  NCOIC,  Customer  Assistance  Section.     Reviews  and 

controls  all  incoming  correspondence ,  establishes  priorities ,  and  ensures  timely 
completion  of  all  tasks.     Administers  casualty  services  and  itiilitary  and  personal 
affairs  programs.     Exercises  general  management  over  three  units:     Customer  Service 
Unit,  Records  Unit  and  Personal  Affairs  Unit.     Supervises  six  personnel.  Additional 
Duty:     Squadron  Security  NCO. 


1  III,    EVALUATION  OF  PERFORMANCE   1 

1.    HI  HI  ORMANCL  OK  DUTY-  C'onilder  the 
quantity,  quality,  and  timeliness  uf  duties  per- 

RATER 

N/O 

0 

1 

z 

3 

4 

7 

S 

1  formed  as  described  in  Section  II. 

1ST  INDORSER 

><  1 

1  2.    HUMAN  Kr.l  ATUJNS:  Consider  how  well 
1  ratec  supports  and  protnutes  equal  opportunity. 
1  shuvss  cuncern  and  is  sensitive  to  the  needs  uf 
1  uthers. 

RATER 

0 

1 

2 

3 

4 

S 

1ST  INDORSER 

1  3.    TRAINING:  Cunsider  how  well  respunsi 
1  biUtte\  are  dtschar|ted  as  an  OJ T  supervisor  or 
1  trainer  and  in  other  efforts  tu  improve  technical 
1  knf>wledse  and  educutif>nal  level. 

RATER 

X 

N/O 

0 

1 

2 

J 

4 

9 

« 

7 

a 

•  1 

1ST  INDORSER 

1  4.    KXKC'UTIVK  ABILITY.  Coniider  r^tee's 
1  judgment,  decisiveness,  ability  to  cummunicate 
1  ((iral  iind  written),  and  effectiveness  in  supcr- 
1  vising  and  leat'  .n^. 

RATER 

N/O 

0 

1 

2 

1 

4 

« 

7 

s 

1ST  INDORSER 

>^ 

1  S.    AC  C'KITANt  1  (>l  NC  ()  KlvSroNSIBILl TY: 
1  CunsiJer  ratee's  acceptance  nf  re^punsibtlity  fur 
1  ptfr^inal  nctiuns  and  thuse  uf  subordinates. 

RATER 

X 

N/O 

0 

1 

2 

J 

4 

k 

7 

a 

1ST  INDORSER 

X 

i  *  M 

1  6.    Bl  AHINC.  AND  BKIIAVIOK:  Consider  the 
1  degree  t«»  which  ratee's  bearing  and  behaviur  on 
1  and  <»rf  doty  improve  the  image  of  Air  Force 
1  noncommissioned  officers. 

RATER 

mn 

■  H 

N/O 

0 

1 

2 

a 

4 

7 

a 

•  1 

1ST  INDORSER 

mn 

■  H 

IV.    OVERALL  EVALUATION 


How  does  the  ratee  compare  with  uthers  of  the 
same  grade  and  Air  Force  specialty?  Hutential 
for  promotion  and/or  increased  responsibility 
are  es^sential  consider  at  tuns  in  this  rating. 


I  '  I  '  i  » 


RATER 


1ST  INDORSER 


r~rT 


20  INDORSER 


HZ 


3D  INDORSER 


X 


nzmzmziz] 


I  I  I  I 


J__L_.I  T~l^^ 


AF    SCP  7*  FRCVIOUS  KOITION5  ARK  OBSOLCTC. 


CMSGT,  SMSGT,  MSGT  PERFORMANCE  REPORT 

BE-9U 


Figure  3-4.  AF  Form  911. 
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V.  RATER-s COMMENTS        I i  ANU  bHttlHL  ALHl kVkHtNTS : — Illustrate  the  way  the  ratee  

typically  carries  out  any  duties  whether  assigned  or  not  assigned     Do  noJ 
recapitulate  duties  performed;  tell  how  the  ratee  perfoms.  STRENGTHS  describe 
i^2^S.P°^^*^^^  aspects  of  the  individual's  performance  deserv  na  sDecial  nn^I 

5  ??^L'??e's'"?a2us''Lnfb^t''"''^^  ?eS?:n2L%'rr?i    e°  ous 

aeTiciencies,  faults,  bad  habits,  or  to  occasional  tendencies.  The  value  of  such 

comments  will  be  vastly  increased  if  they  include  an  indication  of  what  D?oaress 

aJten^io^K  °f  ^''^"9^"9  the  weaknesses  ti  the  indUdTvl 

?e?I?Ja?  fSlJaSraSh'^'^i^^uif!  ""^r**  J"-""*^^  ''^'^  ^^^^^^"9  does  nSi  require 

rererra I  (paragraph  3-10)  unless  it  contains  comments  of  the  type  defined  in 

paragraph  2-9c.  EDUCATIONAL  AND  TRAINING  ACCOMPLISHMENTS:  C^St  on  any  special 
in^-nl"L°''  °^  Instruction  the  ratee  completed  or  acMvCly  5a?t1ci Dated  in 

during  the  reporting  period.  This  also  includes  off-duty  educatioL?  IchieJemlnts 
If  applicable,  consent  on  the  manner  in  which  the  ratee  discharges  OJT  relSbiii- 

Jo"*e;a1uS??on'o?"tSe'inH?viH^"'?";  """-'ir  °'  SUGGEST^d'assIgSSeN?^!  ';^  y 

SpntI    ?    1 V  ^^'^^  individual  for  sQbsequent  utilization.  Be  specific.  OTHER 

SSrcSIfred"aioJe  ^Mrh  ^rto*^K""^"^""J       paragraph  4-6b(2).  Add  anj  conSSt? 
paragraph  3-12  ""^^       ^"'^  "^^'^^  ^''^        P^-ohibited  by 


NAMK,  ORAOK.  BRANCH  OF  ■■»VICK.  OROANIZATION 
COMMANO  ANO  LOCATION 


RICHARD  L.  MURPHY,  CMSgt.  USAF 
35th  Cmbt  Spt  Gp  (TAC) 
George  AFB,  California 


''AssiT'tfhief,  Customer 
Assistance  Section 


13  Aug  80 


000-00-0000 


VI    1ST  INOORSER-S  COMMENTS  □  concur  U  nonconcur 

Indicate  concurrence  or  disagreement  with  the  report.    Significant  disaareement 
with  ratings  must  be  substantiated  by  specific  comnent.    In  addition  include 
any  comments  that  will  increase  the  value  of  the  report  include 


NAMK.  ONAOK.  •MANCH  OF  SKfVVlCK.  OfVa ANISATION 
COMMANO  ANO  COCATION 

MICHAEL  C.  WHITE,  GS-9,  DAF 
35th  Cmbt  Spt  Gp  (TAC) 
George  AFB  CA 


OUTV  TITCK 


Chief,  Customer 
Assistanre  Section 

•SAN 


15  Aug  80 


000-00-QQQQ        I  4/L:J^  r  U/i^ 


VII.  2D  INDORSER-S  COMMENTS  ^^^^^  n 

^    CONCUH  n  NONCONCUR 

iiJh  or  disagreement  with  the  report.  Significant  disaareement 


NAMS.  ORAOK.  BRANCH  OF  •■RVICK.  ORCANISATION 
COMMANO  ANO  LOCATION 

ROGER  S.  SALISBURY,  Major,  USAF 
35th  Cmbt  Spt  Gp  (TAC) 
George  AFB,  California 


VIII. 30  INOORSER'S  COMMENT* 

THIS  SECTION  NOT  USED 


DUTY  TITCK 

Chief,  CBPO 


SSAN 

000-00-OOOOFR 


OATK 

15  Aug  80 


□  CONCUft 


NAMK,  ONAOK.  BNANCN  OF  SKMyiCK.  Of«0 ANIX ATlON. 
COMMANO  ANO  LOCATION 


OUTV  TITUK 


llANATiiKK  


Figure  3-5.  Reverse  of  AF  Fonns  909.  910.  and  9n 
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.  RATEE  IDENTIFICATION  DATA 


.  NAMK  (Last,  h'irzt.  Middle  Initial) 

Archer,  Walter  W 


t,  BSAN  (Include  suffix) 

000-00-0000 


S.  CURRENT 


DAFSC 

73270 


S.   DUTY  TITUK  OR  TITUK  OF  SPKCIAU  OR  ADDITlONAl.  DUTY 

Wing/Base  NCOIC,  Records  Unit 


II.  TYPE  OF  REPORT  (Check  appropriate  block  in  Part  A.)  (Complete  Part  B  as  rrqulred.) 


A 

1      1  Items  1  and  2  only,) 

IT  (Complete  Part  B. 

1      1  LKTTKft  OF  KVALUATION  (Complete  Part  B. 
I  X  1  Items  1  thru  4J 

t.  FROM 

10  Mar  80 

X. 

THRU 

28  May  80 

1. 

REPORT  IS 

}  )(   1  MANDATORY                   |  [omor^Al- 

B 

4. 

X 

CRO  €0  OR  MORK  DAYS  SUPKRVISION 

SPKCIAU  on  ADDITIONAU  DUTY 

RKASON 

FOIt 
RKFORT 

PIPKUINK  STUDKNT 

lON/TDY 

OTHKR  •  KXPUAIN  IN  SKCTlON  III 

III.  COMMENTS 

The  AF  Form  77  should  be  typed.    If  no  typewriter  is  available,  entries 
must  be  printed  or  legibly  written  in  reproducible  ink  (black  or  dark 
blue  only).    In  all  cases,  confine  comments  to  the  space  provided  on 
the  form.    Sign  the  original  in  reproducible  ink  (black  or  dark  blue 
only);  if  additional  copies  are  required  the  remaining  copies  may  be 
signed,  initialed,  or  stamped  "SIGNED."    When  rendering  an  LOE,  use 
the  heading  "FACTS  and  SPECIFIC  ACHIEVEMENTS"    followed  by  appropriate 
comments.    This  heading  is  mandatory  on  all  LOEs.    Omit  other  headings 
entirely  if  not  followed  by  comments.    Headings  must  be  entered  in  the 
order  shown  in  figure  3-3. 


IV.  EVALUATOR  IDENTIFICATION  DATA 


1.    NAMK.  CRADK.  BRANCH  OF  SKRVICK. 
ORGANIZATION.  COMMAND.  I.OCATION 

ROGER  S.  SALISBURY,  Major,  USAF 
35th  Cmbt  Spt  (?p  (TAG) 
George  AFB  CA  92392 


a.   DUTY  TITUK 

Chief,  CBPO 


3.  DATE 

28  May  80 


4.  SSAN 

000-00-0000 


9.  SIGNATURK 


ITAL  EVALUATION  SH^E 


AF  ma""?;  77    R«pi.*c««AFronM77A.Nov7«.wH.cHi.oMoi..T..  SUPPLEMENTAL  EVALUATION  SHEET 


Figure  3-6.  AF  Form  77. 


83 


128 


ERIC 


2.  How  do  you  prepare  an  APR  on  an  airman  if  no  one  is 
available  to  type  it? 


You  are  writing  sn  APR  on  an  airman  and  you  make  a 
mistake  on  an  entry  in  section  IIL  State  how  you 
correct  this  entry. 


When  writing  the  comments  on  an  APR,  you  misspell 
a  word  that  can  be  corrected  without  changing  the 
meaning  of  the  sentence.  What  action  is  required  in 
this  case? 


056.  State  how  to  use  job  performance  appraisals  for 
civilian  personnel. 

The  job  performance  appraisal  system  (JPAS)  establishes 
performance  standards  and  identification  of  critical  and 
noncritical  job  performance  elements  used  as  a  basis  for 
personnel  decisions  to  reward,  assign,  promote  train, 
retrain  or  remove  employees.  Personnel  management  uses 
the  performance  appraisal  as  an  evaluation  device  for  all 
civilian  employees.  The  appraisal  procedures  are  uniform 
throughout  the  Air  Force.  But  each  supervisor  must  prepare 
a  woric  plan  that  describes  job  requirements  and 
performance  standards  expected  for  each  employee.  As  a 
supervisor  of  civilian  employees,  you  must  review  each  of 
your  worker's  performance  periodically. 

Performance  Appraisals  for  Civilian  Personnel.  You 

should  be  familiar  with  APR  40-452,  Performance 
Appraisal  System.  This  regulation  explains  the  civilian 
appraisal  system  and  establishes  the  supervisor's 
responsibility  to  appraise  civilian  workers. 

A  performance  appraisal  is  due  for  each  civilian 
employee  annually  unless  circumstances  require  a  change 
to  the  appraisal  period.  As  the  rating  supervisor,  you  must 
review  the  mission  of  your  unit  to  determine  if  the  job 
descriptions  of  each  employee  accurately  describe  tlie 
duties  and  responsibilities  required  to  complete  the  mission. 
You  then  prepare  an  AF  Form  1282,  Job  Performance 
Appraisal,  for  each  civilian  employee  under  your 
supervision. 

Preparing  AF  Form  1282.  The  AF  Form  1282  is  the 
document  used  to  record  an  employee's  work  plan  and 
overall  performance  rating.  You  should  read  the 
instructions  that  give  you  general  information  about  the 
woric  plan  and  rating  sections  on  page  1  of  the  form.  Then, 
complete  the  employee  identification  part  of  the  form  as 
specified  on  page  1.  Next,  you  must  type  in  the  names, 
grades,  and  duty  titles  of  the  supervisor  and  reviewing 
official  in  the  work  plan  authentication  section.  When  you 
complete  the  work  plan,  you,  the  supervisor,  reviewing 
official,  and  the  employee  should  sign  and  date  this  section. 
Now,  let's  discuss  other  parts  of  the  AF  Form  1282. 


a.  Part  I — work  plan  job  performance  elements.  Enter 
the  employee's  job  performance  elements  on  page  2,  Part  I. 
The  elements  are  requirments  of  duty  performance  and  are 
nonnally  taken  from  the  employee's  job  description.  They 
are  further  broken  down  into  critical  and  noncritical. 

Critical  elements  are  job  performance  elements  that 
management  considers  very  important.  Failure  of  the 
critical  elements  may  require  remedial  action  and  denial  of 
merit  pay  or  within-grade  increase,  and  may  be  the  basis  for 
removing,  reassigning,  or  demotion  of  an  employee. 
Noncritical  elements  are  job  performance  elements  used  to 
determine  the  overall  performance  level.  Performance 
below  the  minimum  standard  requires  counseling  the 
employee. 

b.  Part  II — work  plan  and  performance  standards.  This  is 
a  written  statement  of  the  quantity  and  quality  of 
performance  expected  for  the  job  element  listed  on  page  2 
of  the  AF  Form  1282.  There  may  be  more  than  one  standard 
for  a  single  job  performance  element. 

c.  Part  III — ^performance  substantiation  and  overall 
performance  rating.  When  the  employee's  rating  is  made, 
you  must  write  supporting  evidence  for  the  elements 
evaluations  on  page  4,  part  III  of  the  form.  This  means  that 
you  need  to  compare  the  employee's  job  standard  with  the 
actual  performance  of  the  employee  throughout  the  year. 
This  is  where  you  enter  your  comments  on  all  job 
performance  elements  listed  on  page  2  of  AF  Form  1282. 
Then  assign  an  overall  performance  rating. 

Performance  appraisals  were  designed  to  be  used  as  the 
first  step  in  a  total  management  system  to  identify  and 
correct  work  perfonnance  problems.  They  help  you  plan 
OJT  classes  and  request  formal  training  when  needed.  They 
can  also  recognize  and  reward  quality  performance  of 
outstanding  civilian  employees. 

Wouldn't  you  want  your  supervisor  to  tell  you  what  you 
aren't  doing  right  so  that  you  can  correct  it?  Then  you 
should  never  let  the  ratings  on  the  appraisal  be  a  surprise  to 
your  employees.  You  must  take  the  time  with  your 
employees  and  discuss  their  performance  with  them.  Every 
few  months  you  should  check  and  revise  job  performance 
elements  and  performance  standards  that  no  longer  apply. 

Exercises  (056): 
1 .  What  type  of  device  is  the  job  performance  appraisal? 


2.  How  often  are  job  performance  appraisals  due? 


3.  What  will  determine  the  duties  and  responsibilities  of 
each  civilian  employee  job  description? 


4.  What  are  the  two  classes  of  job  performance  elements? 
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5.  Failure  of  what  class  of  job  performance  element 
requires  remedial  action? 


6.  What  part  of  the  AF  Form  1282  will  the  supervisor 
enter  an  overall  performance  rating? 


3-2.  Training 

The  Air  Force  OJT  program  is  a  systematic,  reportable 
application  of  the  craftsman-apprentice  relationship,  by 
which  the  trainee  acquires  job  skill  and  knowledge  and 
becomes  a  skilled  worker.  Throughout  the  Air  Force,  OJT 
is  an  essential  and  significant  part  of  the  integrated  training 
program.  It  is  a  part  of  every  unit's  mission  and  requires 
the  vigorous  support  of  supervisors  at  all  levels. 

OJT  is  the  primary  method  for  training  airmen  to  the 
skilled  (5)  level,  and  it  is  one  of  the  two  methods  (OJT  and 
resident  school)  for  training  them  to  the  semiskilled  (3) 
level.  Advanced  (7)  level  training  may  be  accomplished 
entirely  through  OJT  or  through  a  combination  of  formal 
and  on-the-job  training . 

As  a  trainer,  you  must  be  able  to  explain  OJT  program 
objectives  in  terms  of  both  the  Air  Force  mission  and  the 
position  of  the  trainee.  To  do  this,  you  must  have  a  good 
understanding  of  the  airman  career  program,  particularly  as 
it  applies  to  your  career  field. 

057.  Explain  the  Air  Force  integrated  training  program 
in  terms  of  personnel,  types  of  training  requirements, 
and  responsibilities. 

Integrated  Training  Program.  The  Air  Force  on-the- 
job  training  (OJT)  program  provides  training  for  Air  Force 
enlisted  personnel  to  qualify  them  in  the  knowledge  and  job 
proficiency  required  to  perform  duty  in  an  Air  Force 
specialty  (AFS).  All  Air  Force  organizations  with  assigned 
enlisted  personnel  conduct  OJT. 

Relationship  between  formal  training  and  OJT.  Air  Force 
airmen  technical  training  requirements  are  met  by  an 
integrated  program  involving  zdl  Air  Force  commands  and 
some  schools  of  the  Army,  Navy,  and  other  Government 
agencies.  The  Air  Force  conducts  a  continuous  and 
aggressive  OJT  program  as  a  part  of  its  integrated  training 
program.  Headquarters  USAF,  Director  of  Personnel 
Programs  establishes  training  policies  to  ensure  that  OJT  is 
integrated  with  all  other  elements  of  training.  The  Air  Force 
Manpower  and  Personnel  Center  (AFMPC),  Training 
Management  Division  provides  overall  management  for  the 
OJT  Program.  The  Air  Force  recognizes  that  there  are  three 
specific  requirements  that  airmen  must  satisfy  to  qualify  for 
skill  level  upgrading.  These  requirements  are  career 
knowledge,  job  proficiency,  and  job  experience.  The  Air 
Force  dual  channel  OJT  program  is  designed  to  satisfy  the 
requirements  for  career  knowledge  and  job  proficiency. 
The  requirement  for  job  experience  is  satisfied  when  airmen 
satisfactorily  perform  duty  in  their  AFS  for  the  minimum 


time  specified  in  AFR  35 — 1,  Military  Personnel 
Classification  Policy  (Officers,  Warrant  Officers,  Airmen). 

Formal  training*  Formal  Air  Force  training  includes 
training  conducted  both  in  approved  courses  and  on  the  job. 
Air  Training  Command  (ATC),  in  coordination  with  major 
commands  (MAJCOMs),  determines  the  requirements  for, 
prepares,  evaluates,  and  revises  specialty  training  standards 
(STSs).  These  standards  specify  the  amount  of  knowledge 
and  skill  required  for  training.  They  are  the  primary  control 
documents  for  fonnal  resident  courses,  career  development 
courses  (CDCs),  OJT  job  proficiency  guides,  (JPGs),  and 
specialty  knowledge  tests  (SKTs).  CDCs  are  used  in 
conjunction  with  job  proficiency  training  in  the  Air  Force 
Dual-Channel  OJT  Program  and  as  the  primary  reference 
for  most  SKT  questions.  The  Extension  Course  Institute 
(ECI)  publishes  and  administers  CDCs. 

Each  MAJCOM  must  plan,  conduct,  and  evaluate  OJT 
according  to  regulation  through  practical  application  of  the 
Dual-Channel  OJT  Program.  In  this  text,  references  to  the 
Dual-Channel  OJT  Program  apply  to  that  part  of  the  Air 
Force  training  that  conforms  to  the  definition  of  OJT. 

On-The-Job  Training.  On-the-job  training  is  a  planned 
training  program  designed  to  qualify  airmen,  through  self- 
study  and  supervised  instruction,  to  perform  in  a  given  AFS 
while  actually  working  in  a  duty  assignment  of  their  AFS. 

Exercises  (057): 

1 .  Which  Air  Force  organizations  must  conduct  on-the- 
job  training? 


2.  Why  must  an  organization  conduct  OJT? 


3.  What  organizations  are  involved  in  meeting  airman 
technical  training  requirements? 


4.  What  organization  insures  that  OJT  is  integrated  with 
all  other  elements  of  training? 


5.  In  addition  to  career  knowledge  training,  what  other 
requirements  must  an  airman  satisfy  to  qualify  for 
upgrading? 


6.  The  STS  is  the  primary  control  document  for  what 
training  and  tests? 
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7.  Is  OJT  formal  or  informal  training? 


8.  What  is  the  responsibility  of  each  major  command 
toward  the  OJT  program? 


9.  Define ''aJT." 


10.  What  is  formal  Air  Force  training? 


058.  Describe  the  Dual-Channel  OJT  Program  in  terms 
of  purpose,  where  and  how  it  is  conducted,  and  the  role 
of  the  JPG. 

Dual-Channel  OJT.  The  Dual-Channel  OJT  Program  is 
based  The  Dual  Channel  OJT  Program  is  based  upon  the 
idea  that  there  is,  in  career  development,  certain  knowledge 
that  airmen  must  gain  if  they  are  to  move  forward  in  the 
career  field  and  if  they  are  to  have  the  ability  needed  to 
move  quickly  from  one  kind  of  equipment  or  system  to 
another,  or  from  one  job  to  another.  This  knowledge  is  kin 
to,  and  concerned  with,  basic  principles  and  theories.  It  is 
also  involved  with  developing  job  proficiency  by  applying 
career  area  knowledge  and  by  performing  tasks  related  to  a 
specific  job  assignment. 

Dual-channel  OJT  is  a  systematic,  reportable  application 
of  self-study  and  the  craftsman-apprentice  principle. 
Trainees  acquire  AFS  knowledge  by  enrolling  in  and 
studying  Cl5Cs,  when  available,  or  by  studying  the 
study/technical  references  listed  in  the  appropriate  STS  if 
CDCs  are  not  available.  Trainees  gain  job  proficiency  while 
performing  on  the  job  under  supervision.  This  combination 
enables  the  airmen,  upon  reassignmer^t,  to  perform,  after  a 
period  of  qualification  training,  the  duties  to  which  they  are 
assigned  in  another  unit. 

OJT  is  conducted  in  the  actual  work  situation  by 
designated  personnel  who  are  working  in  support  of  the  unit 
mission.  Even  though  the  responsibility  for  conducting  OJT 
is  delegated  to  specific  individuals,  the  overall  OJT 
program  is  of  concern  to  every  person  assigned  to  the  unit. 

OJT  is  an  integral  part  of  every  unit's  mission.  It  requires 
vigorous  support  of  commanders  and  supervisors  at  all 
levels.  To  be  effective,  an  OJT  program  requires 
comprehensive  planning,  careful  scheduling,  timely 
implementation,  capable  direction,  skillful  application,  and 
searching  evaluation.  As  stated  earlier,  there  are  two 
distinct  parts  of  the  Dual-Channel  OJT  Program — 
knowledge  and  job  proficiency  development — which  must 
be  interpreted  as  career  knowledge  training  and  job 
proficiency  training. 

Career  knowledge  training  is  administered  under  one  of 
two  methods,  depending  on  the  availability  of  CDCs.  Use 
of  the  CDC  is  mandatory  if  CDCs  are  available.  If  a  CDC  is 
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not  available,  use  the  STS  study/technical  references 
(S/TRs)  to  satisfy  the  knowledge  requirement  for  award  of 
the  appropriate  skill-level  AFSC.  If  neither  a  CDC  nor  STS 
is  available,  command  and  local  JPGs  will  outline  specific 
knowledge  requirements. 

The  job  knowledge  training  part  of  the  Dual-Channel 
OJT  Program  is  graphically  depicted  in  Figure  3-7.  The 
following  paragraphs  describe  the  other  half  of  the  Dual- 
Channel  OJT  Program — the  job  proficiency  training  phase, 
also  shown  in  Figure  3-7. 

Imm.:diate  supervisors  are  responsible  for  the 
development,  maintenance,  and  effective  use  of  JPGs. 
JPGs  are  used  to  assist  in  developing  the  trainee's  job 
proficiency.  The  JPG  provides  airmen  with  specific 
reference  to  an  authoritative  publication  for  each  task  in 
their  current  duty  assignments.  As  ATC  revises  STSs, 
specific  references —  including  chapter  and  section  number 
of  TOs  and  other  references  are  added.  This  procedure 
eliminates  a  great  deal  of  unnecessary  reading. 

Air  Force  jobs  require  various  combinations  and  degrees 
of  skill  and  knowledge.  Some  are  highly  complex  and 
require  lengthy  training  periods;  others  are  less  complex 
and  require  correspondingly  less  training.  Most  of  the 
training  for  the  less  complex  jobs  is  conducted  at  unit  level 
through  OJT  programs  which  include  self-study  and  job 
proficiency  training.  For  the  more  complex  jobs,  the  ratio 
of  the  knowlcdge-to-skill  requirements  of  the  particular  job 
determines  the  kind  of  training  for  an  individual  selected  for 
that  job. 

For  some  complex  AFSs,  primary  consideration  must  be 
given  to  the  knowledge  requirements.  Since  knowledge  is 
most  readily  acquired  in  the  classroom,  it  follows  that  most 
airmen  who  are  selected  for  training  into  such  jobs  receive 
their  initial  training  in  formal  technical  schools. 

In  other  types  of  complex  jobs,  the  greater  emphasis  must 
be  placed  on  the  requirements  for  skill;  therefore, 
supervised  training  on  the  job  is  often  the  most  practical 
way  of  producing  competent  personnel.  A  3-  or  5-skill-level 
CDC  provides  the  necessary  career  area  knowledge  for  the 
OJT  trainee. 

After  airmen  have  recieved  appropn  \  initial  job 
knowledge  training,  either  in  a  formal  school  or  on  the  job, 
the  airmen  still  have  to  become  thoroughly  proficient  in  a 
duty  position  of  the  specialty  for  which  they  were  trained. 
A  formal  school  situation  obviously  does  not  lend  itself  to 
proficiency  training.  For  individuals  to  become  thoroughly 
skilled  in  the  duty  position,  they  must  become  semiskilled 
as  a  result  of  either  a  formal  school  or  on-the-job  training. 
They  must  receive  additional  training  on  the  job  to  become 
fiilly  skilled  workers. 

Since  the  entire  OJT  program  hinges  upon  the  leam-by- 
doing  and  self-study  concepts,  it  follows  that  the  part  of  the 
Dual-Channel  OJT  Program  called  job  proficiency  training 
is  normally  conducted  within  the  unit  to  which  the  airman  is 
assigned  for  duty.  The  responsibility  for  conducting  the  job 
proficiency  phase  of  OJT  is  inherent  in  the  job  of  each 
person,  including  civilians,  who  supervise  the  work  of 
airmen.  The  responsibility  for  the  career  knowledge 
training  part  of  OJT  through  self-study  courses  rests  with 
the  individual  concerned.  This  training  is  monitored  by  the 
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airman's  immediate  supervisor  and  the  squadron  OJT 
manager. 

Job  proficiency  training  implies  practical  application.  It 
is  that  part  of  formal  OJT  which  teaches  skill.  It  places 
trainees  in  operational  situations  where  they  are  assigned 
certain  tasks  which  are  part  of  their  duty  assignment.  As 
trainees  acquire  skills  in  the  simpler  tasks,  they  are  assigned 
others  which  are  progressively  more  complex.  In  this  way, 
trainees  are  constantly  broadening  their  skills  and 
knowledge,  ultimately  to  include  all  elements  of  the  job. 

Learning  in  a  job  proficiency  situation  results  from  the 
close  association  between  the  trainee  and  the  trainer. 
Understand,  however,  that  this  coach-pupil  method  of 
training  does  not  preclude  short  periods  of  informational 
group  instruction  on  job  proficiency  training  elements. 

Exercises  (058): 
1 .  What  is  the  purpose  of  the  dual-channel  OJT  program? 


2.  Where  is  on-the-job  training  conducted? 


3 .  By  what  method(s)  is  OJT  conducted? 


4.  What  is  OJT  an  integral  part  of? 


5.  How  is  the  JPG  used  in  OJT? 


6.  What  determines  the  tasks  an  airman  performs  in  OJT? 


7.  Who  is  responsible  for  identifying  tasks  an  airman 
must  perform  during  OJT? 


8.  If  airmen  need  a  specific  reference  on  how  to  perform 
a  task,  where  can  they  find  it? 


training  (UGT).  Training  administered  for  the  purpose  of 
increasing  knowledge  and  skill  in  an  awarded  AFSC,  but 
not  resulting  in  award  of  an  AFSC,  is  referred  to  as 
qualification  training. 

Qualification  Training.  A  program  of  qualification 
training  designed  to  develop  more  knowledge  and  skill 
within  an  airman's  assigned  position  is  a  basic  part  of  the 
OJT  program,  but  it  does  not  result  in  the  award  of  an 
AFSC.  Qualification  training  does  not  require  the  use  of 
special  orders;  AF  Form  2095,  Assignment/Personnel 
Action;  AF  Form  2096,  Classification/On-The-Job  Training 
Action;  c  but  it  does  require  entries  on  the  JPG. 
Qualification  training  provides  additional  training  for 
airmen  who  have  already  been  upgraded  in  their  specialties. 
It  provides  a  practical  application  of  the  commander's 
awareness  of  the  need  for  gearing  the  capabilities  of  the  unit 
to  changing  Air  Force  concepts,  requirements,  equipment, 
and  unit  missions  as  well  as  recognizing  that  there  is  always 
a  need  for  increased  skill  and  knowledge  within  the  broad 
confines  of  each  skill  level.  Qualification  training  becomes 
critical  when  the  commander  is  faced  with  the  need  for 
increasing  the  quality  or  amount  of  production, 
indoctrinating  personnel  in  new  techniques  or  procedures, 
orqualifying  technicians  to  maintain  new  equipment. 

ftx)per  application  of  qualification  training  provides 
additional  valuable  experiences  for  all  airmen  who  have 
been  upgraded  in  their  specialties  to  the  5-  or7-skill  level. 

Retraining  Programs.  Retraining  through  OJT  is 
defined  in  APR  39-4,  Airman  Retraining  Program,  It  is 
designed  to  qualify  an  airman  for  award  of  an  AFS  or  APS 
shredout  not  in  the  normal  progression  pattern  of  a  currently 
awarded  AFS. 

Lateral  Training.  Lateral  training  is  accomplished  in  an 
AFS  where  the  designated  input  is  from  another  AFS. 
Lateral  training,  a  planned  part  of  the  normal  progression 
for  certain  AFSs,  is  shown  in  the  career  field  charts  of  AFR 
35^1,  Airman  Classification  Regulation,  Lateral  Training 
may  be  given  either  through  formal  courses  conducted  by 
ATC  or  through  OJT  programs  conducted  at  the  unit  level. 
When  lateral  training  is  given  on  the  job,  it  is  subject  to  the 
same  controls  as  other  OJT  programs. 

Exercises  (059): 

1.  Define  the  following  types  of  training: 
a.  Upgrade  training. 


b.  Qualification  training. 


059.  Define  tlie  different  types  of  training  and  relate 
them  to  OJT. 


c.  Retraining. 


OJT  and  UGT.  On-the-job  training  is  an  all-inclusive 
term  which  describes  the  training  received  by  an  airman 
while  he  or  she  is  performing  in  a  duty  assignment  of  the 
AFS.  Training  for  the  purpose  of  upgrading  an  airman's 
skill  level  in  his  or  her  AFSC  is  referred  to  as  upgrade 


2.  How  is  qualification  training  conducted? 
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3.  Why  is  there  a  need  for  qualification  training? 


4.  In  retraining  through  OJT,  must  an  airman  complete 
career  knowledge  training? 


5 .  Explain  your  answer  to  item  number  4. 


6.  If  an  ainnan  is  trained  to  the  required  proficiency  level 
for  every  task  listed  in  his  JPG,  does  he  need 
qualification  training?  Explain  your  answer. 


7.  What  is  the  controlling  publication  used  for: 
a.  Lateral  training? 


b.  Retraining? 


060.  Associate  responsibilities  for  the  OJT  program  with 
the  person  to  which  the  responsibility  is  assigned. 

Immediate  Supervisor.  Responsibility  for  conducting 
OJT  is  inherent  in  the  position  of  all  supervisors.  Since  the 
supervisor  (military  or  civilian)  has  daily  contact  with  all 
the  personnel  assigned  to  the  unit,  the  supervisor  occupies  a 
key  position  in  the  OJT  program.  In  smaller  sections,  the 
immediate  supervisor  may  also  be  the  trainer.  In  any  case, 
the  title,  immediate  supervisor,  is  applicable  to  that  person 
who  maintains  OJT  records  and  forms  and  is  responsible  for 
those  duties  and  responsibilities. 

Selection  of  OJT  Trainers.  Ideally,  the  OJT  trainer  is 
the  trainee's  immediate  supervisor.  However,  for  various 
reasons  this  may  be  difficult  to  arrange  in  some 
organizations.  As  a  result,  trainers  may  be  appointed  to 
provide  training  for  individuals  or  small  groups  of  trainees. 
Appoint  trainers  who  have  broad  fundamental  knowledge 
and  technical  know-how,  as  well  as  the  ability  to  get  along 
with  people  and  inspire  the  confidence  of  the  trainees.  The 
trainer  is  not  to  be  thought  of  as  an  individual  assigned  to 
full-time  instructional  duty,  but  rather  a  skilled  worker  who 
is  assigned  to  a  production  job. 

Relationship  of  Trainer  to  Trainee.  The  on-the-job 
trainee  needs  motivation.  Motivation  stems  from  a  felt 
need.  The  trainees  should  feel  the  need  for  OJT  when  the 
immediate  supervisor  accomplishes  the  requirements  of  AF 
Form  623,  Section  II,  On-The-Job  Training  Record.  The 
trainees  must  understand  the  need,  the  objectives,  and  the 
procedures  of  OJT,  as  well  as  their  responsibilities  to  accept 
and  perform  training  assignments  to  the  best  of  their 
abilities.  The  supervisor  or  trainer  has  to  adapt  orientation 
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prxKedures  to  each  situation  to  make  clear  to  the  trainees 
their  responsibilities  as  presented  in  Chapter  4  of  AFR 
50—23. 

Exercises  (060): 

1.  Match  the  responsibility  for  the  OJT  program  in 
column  B  with  the  assigned  person  in  column  A  by 
writing  the  appropriate  letter  in  the  blank.  (All  persons 
have  three  or  more  responsibilities  listed.) 

Column  A  Column  B 

 (1)  Immediate  supervisor.      a.  Maintains  all  issued  training 

 (2)  OJT  trainer.  materials  in  good  condition  for 

 (3)  OJT  trainee.  future  use. 

b.  Maintains  AF  Form  623  for 
assigned  airmen. 

c.  Instructs  trainee  on  actual 
equipment. 

d.  When  reassigned,  obtains  and 
delivers  appropriate  CDC 
materials  to  new  unit  OJT 
manager. 

e.  Teaches  theory  and  background 
information  when  required. 

f.  Indoctrinates  trainers  and 
trainees  on  objectives  of  the 
OJT  program. 

g.  Motivates  and  evaluates 
assigned  training. 

h.  Certifies  completion  of  job 
proficiency  training. 

i.  Accepts  and  performs  all 
training  requirements  and 
assigmnents  in  an  efficient 
manner. 

j.  Using  the  duty  section  Master 
Job  Proficiency  Guide,  develops 
the  JPG  as  a  basic  document  for 
training,  based  on  the  airman* s 
duty  position. 

061.  Identify  selected  training  principles  and  methods, 
and  compare  OJT  techniques  with  formal  training 
techniques. 

Training  Principles.  Certain  basic  and  easily  understood 
principles  apply  to  all  training  situations.  Trainers  should 
understand  and  apply  the  principles  oudined  below.  These 
principles  will  help  trainers  to  improve  their  skill  in 
instrucdng. 

a.  Go  fh)m  the  known  to  the  unknown.  Find  out  what  the 
trainees  know  about  the  subject  and  build  from  there. 
Relate  the  new  material  to  previously  learned  subjects. 
Give  trainees  a  complete  briefing  on  the  overall  program 
and  tell  them  where  they  fit  into  it.  Acquaint  them  with  the 
goal.  Make  sure  the  part  they  play  in  the  organization  is 
understood  and  make  them  aware  that  they  are  vital 
members  of  the  team. 

b.  Go  from  the  easy  to  the  difficult.  Always  begin  with 
the  simple  parts  of  a  job.  The  knowledge  that  they  are  able 
to  perform  parts  of  the  job  after  a  practice  period  gives  the 
trainees  confidence  and  inspiration  to  learn  the  whole  job. 

c.  Emphasize  accuracy  and  understanding  rather  than 
speed,  while  the  trainee  is  learning. 

d.  Emphasize  safety  at  all  times. 
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€.  Clearly  define  the  limits  of  the  training  objective  and 
let  the  trainees  know  what  is  expected. 

/.  Present  new  material  in  short  units  that  can  be  fmished 
in  one  training  session.  Short,  related  training  units  are  not 
so  likely  to  confuse  the  trainees. 

g.  Be  sure  the  trainees  see  the  job  as  a  whole.  Fit  all  the 
short  steps  into  the  whole  operation  or  objective. 

A.  Always  remember  that  the  trainees  learn  by  doing.  Put 
them  to  work  as  soon  as  they  understard  what  they  are  to 
do.  Give  them  plenty  of  practice. 

I.  Allow  trainees  to  develop.  They  do  the  learning;  you 
guide  and  help.  Be  careful  not  to  dominate,  but  do  not  relax 
your  supervision  to  a  point  that  would  allow  the  trainees  to 
harm  themselves,  others,  or  damage  equipment. 

j.  Any  training  procedure  must  make  sense  to  the 
trainees.  If  it  doesn't,  change  or  discard  it. 

k.  Recognize  the  trainees'  work.  Let  them  know  how 
they're  doing. 

/.  Never  try  to  bluff.  Never  resort  to  sarcasm  or  ridi  jule . 

Training  Methods.  An  OJT  trainer  must  assume  trainer 
responsibility,  in  addition  to  other  duties;  the  OJT  trainer 
function  is  not  considered  a  fiiU  time  duty.  Supervisors 
may  sometimes  be  required  to  perform  as  trainers.  OJT 
trainers  are  expected  to  use  effective  training  methods  and 
techniques.  This  requirement  and  responsibility  is 
contained  in  the  specialty  description  of  all  skilled  and 
advanced  level  AFSs.  It  follows  that  those  who  are  selected 
as  trainers  must  learn  to  perform  efficiently,  using  methods 
that  result  in  an  effective  OJT  program.  Job  instruction 
generally  involves  four  methods  of  imparting  new 
knowledge  or  manual  skills. 

The  lecture.  The  lecture  is  useful  for  imparting 
information.  Its  effectiveness  is  increased  when  it  is 
combined  with  one  or  more  of  the  other  instructional 
methods. 

The  discussion.  The  discussion  is  a  valuable  training 
method  because  it  promotes  a  two-way  exchange  of  ideas 
during  group  instruction,  when  the  objective  is  to  provide 
background  information  or  procedures  that  are  of  common 
interest  to  the  entire  group.  Questioning  is  very  useful  when 
employing  the  discussion  method  to  inform  the  trainees,  as 
well  as  to  check  their  grasp  of  the  instruction.  To  help  the 
trainee  think  through  the  logical  steps  of  a  new  job  task, 
phrase  your  questions  so  that  they  can't  be  answered  with  a 
straight  yes  or  no.  Use  questions  that  begin  with  such  words 
as  what,  who,  here,  when,  why,  and  how.  Questioning  can 
be  used  effectively  with  all  other  instructional  methods,  as 
well  as  with  the  discussion  method. 

The  demonstration.  The  demonstration  or  showing  is 
most  effective  when  the  training  objective  is  the 
development  of  new  manual  skills.  It  is  particularly  useful 
in  presenting  the  various  steps  of  a  very  long  operation  that 
must  be  performed  without  stopping.  The  trainees  are 
taught  a  part  of  the  job,  with  the  trainer  doing  the  rest.  After 
learning  one  step  of  the  total  job,  the  second  step  is  taught, 
with  the  trainer  again  completing  the  operation. 

The  perfonnance.  The  performance  is  by  far  the  most 
effective  method  to  use  in  OJT.  Trainees  truly  learn  by 
doing  under  the  watchful  eye  of  a  trainer  while  performing 
in  a  productive  capacity.  It  follows  that  airmen  on  OJT 


should  immediately  be  given  simple  jobs  to  do,  such  as 
cleaning  or  sorting  parts,  counting  pieces,  sorting  papers, 
learning  names  of  parts,  or  checking  supplies.  It  is  most 
practical  to  assign  such  airmen  to  assist  others  who  are 
producing.  After  airmen  have  received  training  on  some 
particular  task  or  phase  of  work,  they  are  able  to  do  it  with 
the  desired  proficiency.  They  should  then  be  rotated  to 
another  task.  With  a  progressive  rotation  plan,  trainees 
grow  in  skill  and  knowledge  until  they  are  able  to 
accomplish  effectively  the  requirements  of  the  duty 
position. 

Training  Techniques.  Supervisors  must  make  sure  that 
trainers  develop  a  set  of  techniques  similar  to  the  five  steps 
which  follow  so  that  all  OJT  can  be  effectively  conducted. 

Step  I .  Prepare  the  training  situation. 

a.  Make  sure  that  the  tools  and  equipment  are  on  hand 
and  in  woiking  order. 

b.  See  that  the  shop  or  room  is  available  and  that  it  is 
properly  heated,  lighted,  and  ventilated. 

c.  See  that  training  aids  planned  for  use  are  available  and 
in  good  working  order. 

Step  2.  Prepare  the  trainees  to  receive  job  instruction. 

a.  Put  them  at  ease.  This  helps  build  confidence.  The 
supervisor's  training  efforts  are  likely  to  be  in  vain  if 
trainees  are  nervous  or  ill  at  ease. 

b.  Find  out  what  they  already  know  about  the  job.  Don't 
tell  them  things  that  they  already  know.  Start  where  their 
knowledge  ends. 

c.  Gain  their  interest.  Explain  the  job  or  operation  at 
hand  and  relate  that  job  to  the  work  of  the  whole  unit.  This 
helps  them  realize  the  importance  of  the  job. 

d.  When  demonstrating  a  job,  make  sure  the  trainees 
observe  from  the  proper  position.  Don't  have  them  look 
backwards  or  from  an  angle  other  than  the  one  from  which 
they  will  work. 

Step  3.  Present  the  operation. 

a.  Tell,  show,  illustrate,  and  then  question.  Once 
understanding  is  achieved,  have  the  trainees  perform  the 
task. 

b.  Give  only  a  few  instructions  at  one  time. 
Understanding  is  gained  more  quickly  if  ideas  are  presented 
gradually. 

c.  Make  the  key  points  clear.  These  make  or  break  the 
operation;  to  a  large  extent,  they  determine  the  ultimate 
success  or  failure  of  the  training. 

d.  Use  available  training  aids  when  they  help  to  put  the 
point  across.  Don't  use  them  just  to  fill  in  time.  Before 
using  any  training  aid,  be  sure  that  it  applies  directly  to  the 
subject  and  that  it  works. 

e.  Be  patient;  remember  that  haste  makes  waste.  Work 
for  accuracy  first,  speed  later. 

/.  Repeat  the  job  and  explanation,  if  necessary. 

Step  4.  Try-out  performance. 

a.  Have  the  trainees  do  the  job  under  observation.  Then 
repeat  the  job  and  have  them  explain  what  they  are  doing, 
and  why.  Some  people  don't  realize  the  importance  of 
motions  they  are  observing  and  repeating.  The  trainees 
must  understand  not  only  what,  but  why. 
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b.  Have  the  trainees  explain  the  key  points.  Correct  any 
errors,  but  do  not  correct  in  a  way  which  will  make  them 
feel  that  you  are  not  satisfied  with  their  progress. 

c.  Continue  to  have  the  trainees  perform  and  explain 
until  you  know  that  they  understand  what  they  are  doing. 

Step  5.  Followup. 

a.  Put  the  trainees  on  their  own  so  they  will  get  the  feel 
of  the  job  by  doing  it.  Tell  them  who  they  should  go  to  for 
help,  and  make  sure  the  designated  individuals  understand 
their  responsibility. 

b.  Check  trainees'  work  frequently — perhaps  every  few 
minutes  at  tlie  start,  then  every  few  hours.  Be  on  the 
lookout  for  incorrect  or  unnecessary  moves,  but  don't  meike 
an  issue  over  them.  Expect  a  few  mistzikes;  if  there  are 
none,  congratulate  the  trainees  for  a  job  well  done. 

c.  Taper  off  the  coaching  until  the  trainees  are  able  to 
work  under  normal  supervision.  Be  sure  that  the  trainees  are 
adhering  to  the  approved  safety  practices.  Safety  is  one  of 
every  supervisor's  most  important  responsibilities.  Mzike  it 
clear,  both  by  instruction  and  attitude,  that,  strictly 
speaking,  accidents  don't  just  happen — they  are  provoked. 
The  cause  of  an  accident  may  not  always  be  readily 
apparent,  but  it  can  usually  be  found.  Common  causes 
include  lack  of  skill,  poor  work  habits,  poor  attitudes, 
and/or  faulty  instructions.  If  you  discover  that  trainees  are 
having  more  than  their  share  of  accidents,  and  if  you  have 
eliminated  faulty  invStruction  as  a  possible  cause,  report  the 
fact  to  your  supervisor  for  action. 

Exercises  (061): 

1 .  Match  the  principle  in  column  B  with  the  defmitions  or 
situations  in  column  A  by  entering  the  propei  letter  in 
the  space  provided. 

Column  A  Column  B 

  (1)  The  trainer  patiently  explains      a.  Go  from  the  known  to 

a  performance  step  to  a  the  unknown. 

trainee  for  the  third  time.  b.  Go  from  the  easy  to  the 

 (2)  A  trainer  stops  a  trainee  from  difficult. 

turning  on  a  switch  that      c.  Emphasize  accuracy  and 

should    be    OFF    during  understanding. 

maintenance.  d.  Emphasize  safety. 
  (3)  The  trainer  tells  trainee  what      e.  Defme    limits    of  the 

the  end  product  will  be.  training  objective. 
  (4)  A  trainer  starts  the  instruc-       f.  Trainer  learns  doing. 

tion  on  how  to  do  a  simple      g.  Recognize  the  trainee's 

task.  work. 
  (5)  The  trainer  explains  where      h.  Present  new  material  in 

the  trainee  fits  in  the  organi-  short  units. 

zation.  Allow    the    trainee  to 
  (6 J)  Trainees  are  warned  of  high  develop. 

noise  levels  and  shown  how       j.  Let  trainee  see  job  as  a 

to  insert  earplugs.  whoie. 
  (7)  Let  trainee  do  task  with  only 

an  occasional  check  after 

you  know  trainee  can  do  it. 
  (8)  Trainer  praises  good  work 

habits  used  by  trainee. 
  (9)  Let  trainee  do  task  as  soon  as 

you  know  it  is  understood. 
 (10)  The  trainer  compares  opera- 
tion of  a  centrifugal  pump  to 

a  rotary  lawn  mower. 
 (II)  Trainee  can  do  a  complete 

operation  at  end  of  each 

training  session. 


Column  A 

 (12)  After  trainer  explains  an 

operation,  trainee  is  asked  to 
explain  it. 

 (13)  Trainer  explains  what  trainee 

should  be  able  to  do  at  end 
of  training  period. 

 (14)  Have  trainee  do  task  several 

times  while  trainer  watches 


2.  The  lecture  method  is  useful  for  teaching  information, 
but  why  is  the  performance  method  of  instruction  the 
most  effective  to  use  in  OJT? 


3.  Why  should  a  combination  of  teaching  methods 
probably  be  useful  with  new  trainees? 


4.  How  do  the  training  techniques  compare  with  the 
techniques  used  in  a  formal  training  course?  (Compare 
OJT  trainer  activities  to  classroom  instructor 
activities — step  by  step.) 


062.  identify  the  purpose  of,  and  the  responsibilitRes  for, 
the  task  buakdown,  and  give  selected  techniques  for 
^^breaking  down"  a  task. 

As  the  instructor  breaks  down  the  objectives  into 
segments  for  the  lesson  plan,  so  should  the  trainer  break 
down  tasks  into  teachable  segments. 

Task  Breakdowns.  Specialty  training  standards  break 
down  an  AFS  into  various  individua*.  tasks  and  knowledges. 
These  tasks  and  knowledges  are  required  for  each  specialty 
within  the  ladder  to  indica  te  the  extent  of  knowledge  or 
degree  of  proficiency  required  for  each  skill  level. 
However,  many  of  the  individual  tasks  and  items  are  in 
themselves  quite  complex.  The  OJT  trainer  must  break 
these  down  into  a  logical,  systematic  sequence  of  parts  and 
teach  each  part  as  a  complete  unit.  These  written 
breakdowns  of  complex  tasks  or  operations  are  known 
simply  as  task  breakdowns. 

Purpose  of  the  task  breakdown  ^  Many  OJT  trainers  may 
think  they  know  a  task  when  they  really  don't.  Others  may 
know  the  task  so  well  that  they  neglect  to  clarify  a  point 
which  is  simple  to  them  but  confusing  to  the  trainee.  Still 
others  may  know  the  task  so  well  that  they  do  not  plan  how 
to  teach  it  to  another  person. 

For  some  tasks,  the  breakdown  may  be  as  simple  as 
saying  to  the  trainee,  "Do  this  first,  this  next,  and  then  do 
that."  However,  many  Air  Force  jobs  are  extremely 
complex.  Complete  performance  of  such  jobs  is 
overwhelming  to  the  young  and  inexperienced  airman. 
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The  purpose  of  the  task  breakdown  is  to  divide  the  big 
job  into  easy»  progressive,  and  teachable  units.  This  makes 
it  possible  for  tlie  airman  to  learn  the  job  in  small  doses,  one 
step  at  a  time. 

The  degree  of  which  a  task  must  be  broken  down  depends 
on  the  past  experience  and  learning  capability  of  the 
trainee.  The  trainer  must  determine  when  the  task  is  broken 
down  far  enough  to  be  easily  taught  and  readily  understood. 

Format  of  the  task  breakdown.  As  a  management  device, 
the  task  breakdown  consists  essentially  of  two  columns. 
One  is  titled  **Important  steps"  and  tlie  other  is  titled  **Key 
Points." 

(1)  Important  steps.  The  steps  are  logical  segments  of  the 
operation  which  advance  the  work.  These  breakdowns  are 
not  intended  to  be  hairsplitting;  ratner,  they  arc  to  be 
simple,  common  sense  reminders  of  what  is  really 
important  in  doing  a  task. 

(2)  Key  Points.  Knowing  what  the  key  points  ai«  and 
how  to  pick  them  out  quickly  and  easily  is  an  important  part 
of  job  instruction.  They  are: 

•  Hazards  which  may  cause  injury  to  personnel  or 
damage  to  tools  and  equipment. 

•  Things  which  make  or  break  the  task. 

•  Things  which  make  the  work  easier — ^knack,  trick, 
feel,  and  special  timing. 


Exercises  (062): 

1.  Why  must  some  tasks  be  broken  down  before  you 
attempt  to  teach  them? 


2.  State  the  purpose  of  the  task  breakdown. 


3.  The  degree  to  which  a  task  must  be  broken  down 
depends  upon  what  factors? 


4.  Give  the  two  column  headings  that  should  be  used  in 
preparing  a  task  bieakdowr . 


5.  What  should  be  your  objective  in  preparing  a  task 
breakdown? 


6.  Who  is  responsible  for  preparing  the  task  breakdown? 


Preparation  of  the  task  breakdown.  There  are  several 
procedures  by  which  trainers  may  prepare  task  breakdowns. 
Their  own  experience  and  the  type  of  task  to  be  performed 
determine  which  procedure  to  follow. 

Some  tasks  may  be  so  well  understood  that  they  can  be 
analyzed  and  divided  into  simple,  logical  steps,  just  by 
thinking  through  the  various  stages  of  the  operation.  Others 
may  be  too  complex  to  break  down  without  going  through 
the  entire  operation  and  making  notes  on  the  performance 
of  each  part. 

Sometimes  trainers  may  have  lo  break  down  a  task  in 
which  they've  had  little  personal  experience.  If  so,  they 
should  carefully  watch  the  motions  and  steps  used  by 
someone  more  expert  in  the  task. 

In  each  case,  the  objective  is  to  find  how  the  trainer  can 
best  help  the  trainee  to  perform  each  operation  safely, 
easily,  correctly,  and  quickly.  This  involves  the  knacks, 
tricks  of  the  trade,  special  timing,  key  points,  and  special 
information  on  what  to  look  for,  where  to  look,  how  lo  feel, 
and  what  to  listen  for,  in  each  operation. 

Task  breakdown  sheets  are  not  necessarily  intended  to  be 
given  to  the  trainee.  They  arc  for  the  trainer's  use  in 
clarifying  and  organizing  their  own  thinking  about  the  task. 
For  this  reason,  it  is  not  necessary  to  formalize  them. 

All  tasks  arc  identified  in  a  general  manner  in  IPGs. 
However,  the  task  breakdown  should  be  prepared 
personally  by  the  (Mi-the-job  trainer.  As  with  most  other 
operations,  task  breakdowns  can  be  made  easily  and 
quickly  after  a  l?ttle  practice. 

Supervisors  should  arrange  for  group  instructions, 
discussions,  practice  sessions,  and  critiques  with  trainers, 
to  ensure  piopcr  preparation  of  task  breakdowns. 
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7.  Who  must  insure  the  proper  preparation  of  a  task 
breakdown? 


063.  Cite  the  requirements  for  a  training  capability  and 
the  actions  to  take  if  the  training  capability  is 
questionable  or  nonexistent. 


Training  Capability.  When  planning  your  OJT 
program,  find  out  if  your  unit  has  a  training  capability.  You 
may  assume  that  your  unit  or  section  has  the  capability  to 
acconiplish  the  prescribed  OJT.  But  it  is  possible  that  local 
situations  or  temporary  conditions  may  make  realistic  on- 
the-job  training  impractical  or  impossible.  We  will  look  at 
the  question  of  training  capability  from  three  view  points: 
when  a  training  capability  exists,  when  a  training  capability 
is  questionable,  and  when  a  training  capability  does  not 
exist. 

When  a  training  capability  exists.  In  general,  for  a 
training  capability  to  exist,  there  must  be  a  CDC  for  the 
AFSC  and/or  the  Specialty  Training  Standard/Study 
References  (STS/SRs)  and  a  person  capable  of 
administering  job  proficiency  training.  There  are  many 
misconceptions  about  the  subject  of  training  capability.  The 
most  prevalent  one  is  the  belief  diat  the  trainer  must  possess 
the  same  AFSC  at  the  same  or  higher  skill  level  in  which  the 
training  is  desired.  Another  belief  is  that  to  •'certify'*  job 
proficiency,  the  person  doing  the  certifying  must  be 
technically   qualified   to   perform   the   function  being 
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considered.  There  must  be  some  individual  to  certify  job 
proficiency. 

For  example,  a  supervisor  ay  certify  job  proficiency  on 
a  task  if  the  performance  can  be  observed  and  verified  by  a 
TO,  manual,  or  other  authoritative  reference.  Verification 
should  assure  that  proper  procedures,  tools,  materials,  etc, 
are  used  and  that  the  work,  when  completed,  conforms  to 
established  standards. 

When  a  training  capability  is  questionable.  If  the 
presence  of  Uaining  capability  is  questionable,  all  factors 
must  be  carefully  weighed  by  a  competent  authority 
(appointed  by  the  Chief,  Personnel  Division)  possessing  all 
the  facts.  The  Chief,  Personnel  Division,  recommends 
approval  of  entry  into  training  if  there  is  a  training 
capability. 

When  a  training  capability  does  not  exist.  If  it  is 
determined  tiiat  a  training  capability  does  not  exist,  the 
Chief,  Personnel  Division,  forwards  a  statement  of  the 
circumstances  to  MAJCOMs  command.  In  these  instances, 
major  take  action  to  provide  a  training  capability. 

We  can  say  then,  that  for  a  training  capability  to  exist  we 
need  a  CDC  and/or  STS/SR  for  that  AFSC,  and  an 
individual  to  conduct  job  proficiency  training. 

Exercises  (063): 

1.  For  a  training  capability  to  exist  for  the  career 
knowledge  channel  of  OJT,  what  must  be  available? 


2.  For  a  training  capability  to  exist  for  the  job  proficiency 
channel  of  OJT,  what  must  be  available? 


3.  Briefly  explain  how  a  supervisor  can  **certify"  job 
proficiency  on  a  task  if  the  AFSCs  of  the  trainer  and 
trainee  are  not  the  same . 


4.  What  does  verification  of  proficiency  mean? 


5.  If  a  training  capability  is  questionable,  what  action 
must  be  taken? 


6.  If  a  training  capability  does  not  exist,  what  must  be 
done? 


7.  If  a  training  capability  does  not  exist,  what  level  of 
command  is  responsible  for  providing  the  capability? 
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064.  State  the  process  of  evaluating  and  recommending 
personnel  for  training. 

Evaluating  and  Recommending  Personnel  for 
Training.  We  have  covered  a  number  of  training  programs 
thus  far,  and  you  should  have  a  good  understanding  of  how 
the  Air  Force  training  program  works.  Let's  put  this  newly 
acquired  knowledge  to  practical  use. 

Every  supervisor  has  bamed  that  a  well  trained  group  of 
workers  plays  a  big  part  in  meeting  the  unit's  mission.  The 
same  elements  that  affect  the  accomplishment  of  the  overall 
Air  Force  mission — i .  e . ,  technological  advancements , 
personnel  changes,  and  career  field  adjustments — affect 
your  unit's  mission.  It  would  be  great  if  we  always  had  the 
same  people  and  our  jobs  always  remained  the  same.  We 
wouldn't  have  to  worry  about  training.  But  it  just  doesn't 
work  that  way.  You  receive  new  people  in  your  shop  from 
time  to  time,  and  your  trained  workers  are  transferred  out. 
Equipment,  procedures,  and  methods  change,  and  your 
unit's  mission  may  change. 

To  maintain  an  effective  unit,  the  people  who  work  for 
you  require  training.  The  questions  that  each  supervisor 
must  ask  are:  **How  many  need  training?"  and  **What  type 
of  training  is  required  to  meet  my  unit's  mission?" 
Therefore,  the  main  problem  you  face  is  to  find  out  the 
needs  of  each  individual.  By  doing  this  you  can  make 
recommendations  for  the  type  of  training  that  each  person 
needs.  This  may  be  accomplished  by  applying  a  plan  of 
evaluation. 

During  the  evaluation  process,  you  should  identify  both 
the  current  and  projected  training  requirements  of  each 
employee.  This  evaluation  is  made  on  the  basis  of  several 
determinations. 

First,  you  must  determine  what  work  needs  to  be  done 
and  the  specific  things  your  people  must  do  if  they  are  to 
work  effectively.  There  arc  a  number  of  sources  where  you 
can  get  information  concerning  the  work  to  be  done.  These 
sources  include  the  specialty  description,  STS,  JPG  and  job 
breakdown,  and  the  job  performance  requirements. 

Second,  you  need  to  find  out  what  your  workers  can  do  at 
the  present  time .  There  are  a  few  ways  that  you  can  do  this. 
We  can  usually  get  records  that  show  background,  training, 
and  experience  of  the  trainee.  Take  time  out  to  talk  to  each 
person  individually.  This  will  show  your  interest  in  them, 
while,  at  the  same  time,  they  will  be  much  more  receptive 
tc  the  training  program.  We  can  also  evaluate,  or  rate  them 
on  the  job  by  asking  them  to  demonstrate  their  skills  with 
certain  pieces  of  equipment  or  tasks.  Simple  observations  of 
your  worker's  methods  and  work  habits  may  show  the  need 
for  more  training. 

Third,  let's  keep  in  mind  that  each  person  is  an 
individual.  Every  person  differs  in  skill,  aptitude,  and 
qualifications.  Not  all  workers  have  the  same  abilities  to 
learn  various  jobs. 

Once  you  have  gathered  the  infoimation  on  each 
employee,  it  is  a  matter  of  comparing  the  qualifications  and 
abilities  of  the  employee  to  the  requirements  of  the  job 
assignment.  From  this  information  you  can  recommend  the 
type  and  amount  of  training  he  or  she  needs  to  do  the  job. 
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Exercises  (064): 

I.  List  three  elements  that  could  affect  your  unit's 
mission. 


2.  How  can  you  find  out  what  the  training  needs  are  of 
each  individual  in  your  shop? 


3.  What  two  items  should  you  identify  when  evaluating  a 
training  plan  / 


4.  N     e  the  sources  you  can  use  to  determine  what  work 
needs  to  be  done. 


065.  State  how  the  effectiveness  of  a  training  program  is 
evaluated. 

Effectiveness  of  a  Training  Program.  The  effectiveness 
of  your  training  program  depends  on  how  seriously  your 
people  accept  their  responsibilities  to  the  total  training 
program.  Everyone,  from  MAJCOM  to  the  trainee,  must  do 
his  or  her  part  to  make  the  program  work.  One  of  the  best 
things  that  you  can  do  to  insure  an  effective  program  is  to 
check  how  well  the  trainer  has  trained  the  trainee.  If  you 
make  sure  that  the  following  checklist  of  items  is  being  met 
to  its  fullest  extent,  then  you  will  have  an  effective  program 
in  your  shop. 

Pretraining  preparation.  You  and  the  trainer  should 
make  sure  that  everything  you  need  is  available.  This 
includes: 

a.  A  current  STS. 

b.  A  JPG  based  on  what  the  trainees  are  expected  to  do  in 
their  current  job. 

c.  A  task  breakdown  for  each  task  that  the  trainees  are  to 
do. 

rf.  All  the  supplies,  tools,  and  equipment  to  do  each  task. 
These  tools  and  equipment  should  be  in  proper  working 
order. 

Motivation,  It  is  part  of  your  job  to  make  sure  that  the 
trainee  is  motivated  to  learn.  An  occasional,  inconspicuous, 
observation  on  your  part  will  quickly  tell  you  if  your  people 
are  motivated. 

Knowledge  of  the  job.  Most  of  the  time  you  can  tell  how 
well  people  know  their  jobs  by  the  ease  and  confidence  with 
which  they  perform.  You  should  keep  this  in  mind  when 
you  assign  your  trainers. 

Trainee  participation.  This  is  one  of  the  niost  important 
parts  of  the  training  program.  Without  the  participation  of 
tlie  trainees,  all  other  efforts  may  be  for  naught.  On  the 
other  hand,  if  your  trainees  show  sustained  activity  and 
performance  throughout  job  performance,  you  can  pretty 


well  assure  yourself  that  your  training  efforts  will  meet  your 
assigned  mission. 

Evaluation  techniques.  In  any  course  of  study  or  training 
program,  the  students  must  be  evaluated  (tested)  to  see  if 
they  have  learned  what  was  taught.  The  method  of 
evaluation  must  be  consistent  with  the  subject  that  was 
taught.  Subject  and  task  knowledge  are  measured  by  written 
tests;  skill  and  physical  abilities  are  measured  by  actual 
performance.  In  other  words,  you  can't  evaluate  your 
trainees'  ability  to  work  the  controls  of  a  bucket  truck  by 
giving  them  a  written  test.  You  should  give  them  a 
performance  type  test  so  you  can  evaluate  their  skills. 

Equipment  utilization.  During  OJT,  trainees  may  have 
become  experts  on  the  use  of  a  piece  of  equipment,  but 
unless  they  exercise  all  of  the  applicable  safety  factors,  one 
could  not  truthfully  say  that  the  training  has  keen 
completely  effective.  Broken  equipment  is  of  no  use. 
Worse  yet,  personal  injury  or  death  could  result  if  safety 
procedures  are  not  observed.  All  the  expert  knowledge  in 
the  world  is  of  no  good  use  unless  safety  is  observed  in 
every  part  of  the  job. 

When  following  these  suggestions  to  evaluate  your 
training  program,  be  sure  to  document  all  observations. 
You  should  write  down  all  of  the  strong  points,  as  well  as 
the  weak  ones.  Also,  write  down  any  suggestions  that  you 
feel  would  improve  your  training  program.  These  notes  will 
help  you  in  later  evaluations. 


Exercises  (065): 

1 .  On  what  does  the  effectiveness  of  a  training  program 
depend? 


List  four  things  that  should  be  available  before  you 
start  training. 


3.  What  is  the  most  important  part  of  the  training 
program? 


4.  You  are  teaching  Sgt.  Fred  Jones  the  theory  of 
transformer  operation,  which  method,  written  or 
perrormance,  would  be  the  best  method  to  evaluate 
what  he  learned  from  it? 


5.  You  are  teaching  Airman  Ellen  Day  to  make 
transformer  connections,  which  method,  written  or 
performance,  would  be  the  best  method  to  evaluate 
what  she  learned  from  it? 
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066.  State  reasons  for  participation  in  the  USAF 
Graduate  Evaluation  Program. 

In  addition  to  evaluating  the  people  who  work  for  you, 
you  may,  from  time  to  time,  be  required  to  evaluate  the 
effectiveness  of  training  received  from  formal  courses  and 
CDCs. 

Field  Evaluation  Program,  From  time,  to  time  airmen 
who  have  graduated  from  technical  schools  will  be  assigned 
to  your  shop.  In  addition,  people  from  your  shop  may 
attend  advanced  or  special  courses.  Most  certainly, 
personnel  in  your  shop  will  be  completing  CDCs  as  they 
advance  their  Air  Force  careers.  The  field  evaluation 
program  is  set  up  to  aid  in  the  quality  control  of  these 
courses.  This  program  is  a  source  of  information  used  to 
determine  the  following: 

a.  Ability  of  recent  graduates  to  perform  their  assigned 
tasks  to  the  level  of  proficienc  specified  in  the  applicable 
training  standard. 

b.  Extent  to  which  acquired  skills  are  used  by  recent 
graduates. 

c.  Extent  to  which  knowledge  attained  is  retained  by 
recent  graduates. 

d.  Need  to  revise  tlie  approved  STS  /n  STS,  formal 
courses  or  CDCs  in  order  to  improve  training. 

e.  Need  for  further  evaluation  of  training  problem  areas 
identified  by  this  evaluation  of  graduates. 

Your  participation  in  the  field  evaluation  program  could 
help  improve  CDCs  and  formal  courses. 

Exercises  (066): 

1.  What  types  of  training  do  you  evaluate  in  the  field 
evaluation  program? 


2.  List  five  reasons  why  your  participation  is  needed  in 
the  field  evaluation  proi^^ram. 


067.  Define  the  Specialty  Training  Standard  (STS)  and 
specify  the  contents  of  page  1. 

Air  Force  Specialty  Training  Standards,  Specialty 
training  standards  are  Department  of  the  Air  Force  (DAF) 
publications.  The  STS  is  the  official  Air  Force  specification 
for  training.  It  lists  the  skills  and  knowledge  that  airmen  in  a 
specialty  need  to  perform  on  the  job. 

The  knowledge  that  airmen  are  required  to  have  and  the 
tasks  they  are  required  to  do  are  based  upon  the  Air  Force 
Specialty  Description  and  are  used  in  preparing  the  STSs. 
This  means  that  if  an  airman  must  use  a  typewriter  on  his  or 
her  job,  the  knowledge  and  tasks  required  to  operate  a 
typewriter  are  included  in  the  STS  for  the  Air  Force 
Specialty.  A  system  of  code  letters  or  number/letter 
combinations  is  used  in  the  STS  to  indicate  the  extent  to 
which  the  individual  should  be  trained  in  each  knowledge 
and  task  to  qualify  for  upgrading  to  a  specific  skill  level. 
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This,  in  turn,  determines  the  extent  to  which  :  mal  courses 
Uiid  OJT  programs  provide  training  on  each  of  the  listed 
knowledge  and  tasks. 

The  knowledge  and  tasks  for  a  particular  STS  are 
obtained  from  three  main  sources.  One  of  these  sources  is 
the  official  Specialty  Description,  published  in  AFR  39-1. 
The  STSs  correlate  with  and  expand  the  AFS  descriptions 
contained  in  AFR  39 — 1 .  Another  source  is  the  comments 
or  recommendations  from  the  MAJCOMs  who  use 
personnel  in  the  particular  specialty.  The  third  source  is  the 
Specialty  Survey  Reports.  These  are  products  of  AFR 
35—2,  Occujyadonal  Analysis, 

The  STS  serves  two  main  purposes:  (1)  as  a  control  for 
on-the-job  training  and  (2)  as  a  control  of  training  within  a 
course.  The  first  page  of  an  STS  is  shown  in  figure  3-8. 
Note  that  it  contains  information  under  these  five  headings: 

(1)  Purpose  of  this  Specialty  Training  Standard  (STS). 

(2)  Proficiency  Code  Key. 

(3)  Career  Development  Channel  of  OJT. 

(4)  Study  Guidance  for  Weighted  Airman  Promotion 
System  (WAPS). 

(5)  Recommendations. 

Take  time  to  study  the  information  under  each  heading  in 
figure  3-8.  The  information  is  standard  on  all  SIS.  In 
general,  the  information  explains  the  preparation,  use,  and 
interpretation  of  the  STS. 

Exercises  (067): 

1.  What  is  an  STS? 

2.  What  are  the  contents  of  column  1  in  the  qualitative 
requirement,  of  attachment  1  of  the  STS? 


3.  What  skill  levels  are  listed  in  the  STS? 


4.  What  does  paragraph  3  of  page  1  of  the  STS  explain? 


068.  Define  given  a  list  of  the  scale  values  for  task 
performance,  task  kno>vledge,  subject  knowledge,  and 
other  STS  codes,  correlate  each  to  its  meaning. 

Proficiency  Code  Key.  Page  2  of  the  STS  is  the 
beginning  of  attachment  1 .  It  contains  space  for  identifying 
the  OJT  trainee  and  supervisor  and  the  proficiency  code  key 
used  to  explain  proficiency  levels.  Note  in  figure  3-9  that 
the  key  is  divided  into  three  sections.  The  first  section  deals 
with  the  task  performance  levels.  The  value  of  performance 
is  indicated  in  Arabic  numerals,  1  through  4.  Each  Arabic 
scale  value  is  followed  by  its  definition,  indicating  how 
well  airmen  must  perform  the  designated  task  on  the  job.  If 
there  is  a  formal  course  for  that  skill  level,  the  definition 
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DEPARTMENT  OF  THE  AIR  FORCE 
Headquarters,  US  Air  Force 
Washington  DC  20330 


SAMPLE  STS 


STS  5A2X0 
(For  AFSCs  5A230/50/70) 
August  1978 


DATE  IS  rSTAeilSHID  BY 
HQ  ATC  APPROVER  AND 
TYPED  WITHIN  ATC/TTSS. 


ELECTRICIAN 
AND 

ELECTRICAL  TECHNICIAN 

1-     Purpose  of  this  Specialty  Training  Standard  (STS).     As  prescribed  In  AFR  8-13,  this  STS: 

a.  States  In  column  ]  of  attachment  1  the  tasks,  knowledge,  and  studv  references  (SR)  neces- 
sary tor  airmen  to  perform  duties  In  the  Electrician  ladder  of  the  Airman"  Civil  Engineering 
Mechanical/Electrical  Career  Field.     These  are  based  on  Specialty  Descriptions  in  AFR  39-1. 

b.  Indicates  In  columns  2A,  3A,  and  AA  of  attachment  1  the  minimum  proficiency  recommended  for 
each  task  or  knowledge  for  qualification  at  the  3,  5,  and  7-sklll  level  AFSCb.     AFM  50-23  contains 
authority  to  change  the  proficiency  level  during  JPG  development  when  th.    local  requirement  la 
different  from  the  level  shown  In  this  STS. 

c.  Shows  In  column  2A  of  attachment  1  the  proficiency  attained  In  Course  J3ABR54230  001  (PDS 
Code  AJZ),  described  In  AFM  50-5.     Proficiency  code  for  the  minimum  proficiency  recommended  for  the 
3-sklll   level  AFSC  and  the  proficiency  attained  In  the  course  Is  the  same  except  when  dual  codes  are 
entered.     When  dual  codes  are  entered,  the  second  code  shows  the  proficiency  attained  In  the  course. 

d.  Provides  basis  for  supervisors  to  plan  and  conduct  Individual  OJT  programs. 

e.  Provides  a  convenient  record  of  on-the-job  training  completed  when  Inserted  In  AF  Form  623, 
On-the-Job  Training  Record."  and  maintained  In  accordance  with  AFM  50-23.     Previous  editions  of 

this  STS  may  be  used  In  accordance  with  AFM  50-23.  paragraph  6-5. 

f.  Defines  the  knowledge  requirements  covered  by  Specialty  Knowledge  Tests  In  the  Weighted 
Airman  Promotion  System. 


2  .  Proficiency  Code  Key, 
level . 


Attachment  1  contains  the  proficiency  code  key  used  to  show  proficiency 


^»     Career  Development  Channel  of  OJT.     Satisfactory  completion  of  CDC  5A230  Is  mandatory  for  per- 
sonnel training  to  AFSC  54230.     Satisfactory  completion  of  CDC  54211  Is  mandatory  for  personnel 
training  to  AFSC  54250.     Personnel  training  to  AFSC  54270  will  obtain  knowledge  training  by  using 
applicable  study  references  listed  In  this  STS,  and  fulfill  management  training  requirements 
specified  In  AFM  50-23.     (See  ECI  Catalog  and  Guide,  chapter  6.  for  current  CDC  Identification  num- 
ber for  ordering  purposes.) 


^*     Study  Guidance  for  Weighted  Airman  Promotion  System  (WAPS).     Specialty  Knowledge  Tests  (SKT)  for 
e  based  on  5-sklll  level  knowledge  requirements.     SKTs  for  promotion  to  E-6  and 
skill  level  knowledge  requirements.     SKT  questions  are  based  primarily  on  Career 

(CDC).     If  the  SKT  Is  also  baped  on  some  other  references  listed  In  this  STS. 
udy  references  are  listed  In  AFP  39-8.     The  CDCs  for  SKT  study  are  maintained  In 
rence  library.     Study  references  listed  in  AFP  39-8  should  be  available  In  the 
ual  responsibilities  are  contained  In  AFR  35-8.  chapter  14.  paragraph  14-3h. 


promotion  to  E-5  ar 
E-7  are  based  on  7- 
Development  uourses 
the  specific  SKT  st 
the  WAPS  study  refe 
work  area.  Individ 


5 .  Recommendations . 
quacles  of  this  STS. 


Report  to  ATC/TT  unsatisfactory  performance  of  Individual  graduates  or  Inade 
Refer  to  specific  paragraphs  of  this  STS.     See  AFR  50-38. 


BY  ORDER  OF  THE  SECRETARY  OF  THE  AIR  FORCE 


OFFICIAL 


LEW  ALLEN  JR,  General,  USAF 
Chlet  of  Staff 


JAMES  J.  SHEPPARD.  Colonel,  USAF 
Director  of  Administration 


1  At  tachment 

Qualitative  Requirements 


Supersedes  STS  542X0.  2  December  1970;  Change  1.  14  January  1972;  Change  2,  6  March  1973;  C 
18  April  1973;  Change  4.  25  February  1974;  Change  5,  7  November  1974;  Change  6.  1  May  1975; 
Change  7,   12  February  1976. 


Change  3, 
and 


Figure  3-8.  Page  ! .  Specialty  Training  Standard  (STS). 
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THIS  (ILOCK  15  FOR  IDENTIFICATION  PURPOSES  ONLY 

TRAINEE 

NAMC 

INITIALS  <tm  WHtimg) 

GRADE 

ORGANIZATION 

TRAINER*!  NAMES  AND  INITIALS  (In  Wnting} 

N/l 

N/l 

N/l 

N/l 

<^"ALITATIVE  REQUIREMENTS 


PROFICIENCY  CODE  KEY 

SCALE 
Value 

DEFINITION:   The  Individuol 

TASK 
PERFORMANCE 
LEVELS 

1 

Can  do  timpte  partt  of  the  totk.  Needt  to  be  totd  or  thown  how  to  do  mott  of  the  totk. 

(EXTREMELY  LIMITED) 

7 

Con  do  mott  portt  of  the  totk.  Needt  help  only  on  hardett  partt.  May  not  meet  local  demandt  for 
tpeed  or  accuracy.  (PARTIALLY  PROFICIENT) 

3 

Con  do  all  portt  of  the  totk.  Needt  only  o  tpot  check  J  cumpleted  work.  Meett  minimum  local 
demandt  for  tpeed  ond  accuracy.  (COMPETENT) 

4 

Con  do  the  complete  totk  quickly  a-)d  occurotely.   C^n  t«ll  or  «haw  othert  how  to  do  the  totk. 
(HIGHLY  PROFICIENT) 

•TASK 
KNOWLEDGE 
LEVELS 

a 

Con  name  portt,  toolt,  and  timple  foctt  about  the  totk.  (NOMENCLATURE) 

b 

Con  determine  ttep  by  ttep  proceduret  for  doing  the  totk.  (PROCEDURES) 

c 

Con  explain  why  ond  when  the  totk  mutt  be  done  and  why  each  ttep  it  needed. 
(OPERATING  PRINCIPLES) 

d 

Con  predict,  identify,  and  retolve  problemt  about  the  totk.  (COMPLETE  THEORY) 

••SUBJECT 
KNOWLEDGE 
LEVELS 

A 

Con  identify  botic  foctt  and  termt  about  the  tubject.  (FACTS; 

B 

Con  explain  relotionthip  of  botic  foctt  and  ttote  general  principlet  about  the  tubject. (PRINCIPLES) 

C 

Con  onolyxe  foctt  ond  principlet  ond  draw  conclutiont  about  the  tubject.  (ANALYSIS) 

D 

Can  evaluate  conditiont  and  moke  proper  decitiont  about  the  tubject.  (EVALUATION) 

-  EXPLANATIONS  - 

A  totk  knowUdg*  tcaU  volu*  moy  b«  ut^d  aton«  or  with  o  toik  p«rfonT»a.:c«  ical«  valu«  to  dofino  o  Uvot  of 

knowUdg*  for  a  tpocific  totk.   (ExampUt:  b  ond  lb) 
**    A  tubjoct  knowiodgo  gcoU  valuo  it  utod  alono  to  dofino  o  tovol  of  knowtodgo  for  a  lubioct  not  diroctly  rolotod  to 

ony  tp^cific  totk,  or  for  a  lubjoct  common  to  tovorol  toikt. 
—   Thit  mark  it  utod  olono  inttood  cf  o  tcolo  votuo  to  thow  that  no  proficiency  troining  it  provided  in  tho  court«« 

or  thot  no  proficioncy  it  roquirod  at  thit  tkill  lovot. 
X    Thit  mark  it  utod  olono  in  rourto  columnt  to  thow  that  training  it  not  givon  due  to  limitotiont  in  reteurcet. 

2  ATTACHMENT  1 

BBB-045 


Figure  3-9.  Proficiency  code  key. 
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also  indicates  the  training  airmen  should  receive  in  the 
course.  The  second  section  of  the  proficiency  code  key  is 
the  task  knowledge  levels  section.  The  value  of  the  task 
knowledge  is  indicated  by  lower  case  letters  a  through  d. 
Each  task  knowledge  value  letter  is  followed  by  its 
definition,  showing  the  level  of  knowledge  in  performing 
the  task  that  airmen  need  at  a  particular  skill  level.  The  tliird 
section  deals  with  the  subject  knowledge,  indicated  by 
capital  letters  A  through  D  and  followed  by  their 
definitions.  These  arc  knowledges  that  do  not  relate  to  any 
one  task  but  to  the  AFS  as  a  whole.  Airmen  need  these 
knowledges  to  perform  in  their  specialty. 

The  codes  are  used  to  express  the  minimum  proficiency 
to  which  airmen  must  be  trained.  For  example,  a  task  coded 
••2b"  means  that  the  training  given  on  that  task  must  enable 
students  to  •'determine  step-by-step  procedures  for  doing 
the  task"  (see  fig.  3-9).  They  must  be  able  to  ''do  most 
parts  of  the  task."  They  will  ••need  help  only  on  the  hardest 
parts."  They  ••may  not  meet  local  demands  for  speed  or 
accuracy."  In  short,  they  are  PARTIALLY  PROFICIENT. 

Sometimes,  there  is  a  task  in  an  STS  for  which  no 
proficiency  training  is  provided  or  for  which  no  proficiency 
is  required  at  that  skill  level.  If  so,  the  element  is  coded 
with  a  dash  (— )  (see  bottom  of  fig.  3-9).  Also,  there  are 
times  when  training  (in  a  resident  course)  cannot  be  given 
because  of  limitations  in  resources,  such  as  equipment  or 
facilities.  In  this  case,  the  task  is  coded  with  an  "X. " 

When  course  graduates  are  assigned  to  a  job  in  the  field, 
this  coding  shows  commanders,  supervisors,  and  trainers 
the  proficiency  to  which  these  graduates  have  been  trained 
in  the  formal  training  course.  A  dash  or  an  "X"  informs 
supervisory  personnel  in  the  field  that  no  training  was  given 
on  that  task.  The  same  symbols  are  used  to  indicate  the 
training  the  airman  receives  in  OJT.  If  additional  training  is 
needed,  the  supervisor  knows  that  it  must  be  accomplished 
through  on-the-job  training  or  other  formal  training  courses. 

Exercises  (068): 

Match  each  of  the  following  scale  values  and  STS  codes  in 
colunm  A  with  its  meaning  in  column  B.  Write  the  letter  of 
the  meaning  in  the  appropriate  blank. 


Column  A 


a. 

a. 

2. 

b. 

3. 

c. 

b. 

4. 

d. 

5. 

1. 

c. 

6. 

2. 

7. 

3. 

d. 

8. 

4. 

9. 

A. 

10. 

B. 

e. 

11. 

C. 

12. 

D. 

f. 

13. 

14. 

X. 

8- 

h. 

Column  B 


decisions  about  the  subject. 

Can  do  aU  parts  of  the  task.  Needs  only  a 

spot  check  of  the  completed  woric. 

Can  explain  why  and  when  the  task  must  be 

done  and  why  each  step  is  needed. 

This  mark  used  in  course  columns  only.  It 

indicates  that  training  is  not  given  on  the 

task  or  knowledge  statement  in  the  course. 

Can  identify  basic  facts  and  terms  about  the 

subject. 

Can  do  simple  parts  of  the  task.  Needs  to  be 
told  or  shown  how  to  do  most  of  the  task. 
Can  name  parts,  tools,  and  simple  facts 
about  the  task. 

Can  analyze  facts  and  principles  and  draw 
conclusions  about  the  subject. 
Can  determine  step-by-step  procedures  for 
doing  the  task. 


k. 


m. 


Column  B 

Can  do  the  complete  task  quickly  and 
accurately.  Can  tell  or  show  others  how  to 
do  the  task. 

No  proficiency  is  required  at  this  skill  level 
or  no  proficiency  training  provided  in  the 
course. 

Can  explain  relationship  of  basic  facts  and 
state  general  principles  about  the  subject. 
Can  predict,  identify,  and  resolve  problems 
about  the  task. 

Can  do  most  parts  of  the  task.  Needs  help 
only  on  the  hardest  parts.  May  not  meet 
local  demands  for  speed  or  accuracy. 


069.  Identify  selected  features  of  STS  qualitative 
requirements. 

STS  Qualitative  Requirements.  The  remaining  pages  of 
the  STS  make  up  the  qualitative  requirements,  which  are 
the  job  tasks,  knowledges,  and  proficiency  level 
requirements.  They  are  listed  in  a  standard  four-column 
format  as  shown  in  figure  3-10.  10.  The  entries  in  columns 
1 ,  2A,  and  4A  pertain  to  the  development  of  formal  courses 
of  instruction.  OJT  is  based  on  the  entries  in  columns  1 ,  2B, 
and  C,  3B  and  C,  and  4B  and  C. 

Column  1  of  the  STS  qualitative  requirements  contains 
each  task  or  knowledge  required  by  the  AFS,  regardless  of 
whether  the  training  is  included  in  the  USAF  formal  school 
coursc(s)  or  provided  by  OJT.  For  example,  tasks  arc  listed 
by  duty,  major  equipment,  or  system.  Knowledge 
statements  are  listed  by  major  subject  area.  The  task  and 
knowledge  statements  entered  in  column  1  arc  based  upon 
the  Duties  and  Responsibilities  section  of  the  Specialty 
Description  in  AFR  39-1.  Normally,  no  element  in  the 
Specialty  Description  is  omitted,  and  no  job  task  is  included 
unless  it  is  within  the  scope  of  the  Specialty  Description. 
The  STS  normally  excludes  knowledges  and  tasks  worded 
to  a  specific  system  or  job  assignment.  Such  items  arc 
applicable  to  the  job  proficiency  guide  (JPG).  In  addition  to 
the  tasks  and  and  knowledges,  column  1  contains 
study/technical  references  that  are  directly  related  to  and 
support  specific  task  and  knowledge  training.  These  are 
especially  significant  in  on-the-job  training. 

Columns  2,  3,  and  4  contain  information  for  the  3,  5,  and 
7  skill  levels  respectively.  Each  numbered  column  contains 
additional  columns,  identified  by  A,  B,  and  C.  The  entries 
in  columns  2A,  3A,  and  4A  indicate  the  minimum 
proficiency  recommended  for  each  task  or  knowledge  for 
qualification  at  the  3-,  5-,  and  7-skill-level  AFSCs.  The 
entries  in  columns  2A  and  4A  indicate  whether  or  not  Air 
Training  Command  (ATC)  courses  are  available  to  aid  in 
the  individual's  progression  and  the  extent  of  such  training 
needed  for  graduation  from  the  course.  If  no  course  is 
available,  the  phrase  *'no  basic  course"  or  **no  advanced 
course"  is  printed  in  column  2A  and/or  4A.  There  are  no 
5-skill-level  courses  offered  in  most  of  the  AFSs. 

If  a  resident  course  cannot  teach  a  task  to  the  required 
proficiency  level,  the  task  may  be  coded  ••2b/la"  (see 
column  2A,  fig  3-10).  This  indicates  that  the  course  teaches 
the  task  but  to  a  lower  level  than  required  on  the  job.  If  this 
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Aug  78         STS  542XQ 


1. 

PROFICIENCY  LEVEL 

.  PROGRESS  RECORD  AND  CERTI FIC ATION 

2.  3 

SKILL  LEVEL 

3.       5  SKI.  • 

LEVEL 

A.  7 

SKILL  LEVEL 

TASKS.  KNOWLEDGE 
AND  STUDY  REFERENCES 

A 

AFSC 

B 

Date 
OJT 
Started 

C 

Date  Compid 
&  Trainee's 
Supervisor's 
Initials 

A 

^FSC 

B 

Date 
OJT 
Started 

C 

Dale  Compid 
&  Trainee's 
Supervisor's 
Initials 

A 

AFSC 

/C" 

B 

Date 

OJT 
Started 

C 

Date  Compid 
&  Trainee's 
Supervisor's 
Initials 

10a*     Interpret  plans,  sketches,  wiring  diagrams, 
and  specifications 
b*    Calculate  power  requirements  for  electrical 
systems 

c«    Determine  type  and  size  of  conductors^ 

protective  devices,  and  physical  protection 
required  for  electrical  systems 

2b 

3c 
2b 

2b 

4c 
4c 

d.     Plan  sequence  of  work  operations 

2b 

4c 

e.    Coordlna'ce  electrical  work  with  other 
specialists 

2b 

4c 

!•     INSTALLING  INTERIOR  DISTRIBUTION  SYSTEMS, 
MOTORS,  AND  CONTROL  CIRCUITS 

SR:    AFMs  08-15.  91-17:  National  Electrical  Code 

a*     Install  and  connect 

(1)     Service  entrances 

2b /b 

3c 

4c 

(2)     Service  equipment 

2b/b 

3c 

4c 

Ul 

4c  1 

(3)     System  and  equipment  grounds 

2b /b 

3c 

(4)  Feeders 

2b /b 

3c 

4c  " 
o 

(5)     Distribution  panels  and  protective 
devices 

2b 

3c 

w 
u 

-  ^ 

4c  > 

(6)  Branch  circuits 

(7)  Switches*  receptacles  and  lighting 
fixtures 

2b 
2b 

3c 
3c 

4c  o 
4c 

(8)  Motors 

la 

3c 

4c 

(9)     Motor  control  circuits 

la 

3c 

4c 

(10)     Electrical  systems  In  hazardous  loca- 
tions (Class  I,  II  or  III) 

la/a 

3c 

4c 

(11)  Transformers 

2b /b 

3c 

4c 

(12)    Voltage  regulators 

la/a 

2b 

3c 

(13)     Battery  banks  and  chargers 

2b/b 

2b 

3c 

b.    Cut,  bend,  and  thread  conduit 
c«     Install  and  connect  circuit  extensions  using 
(1)  Conduit 

2b/la 
2b /b 

3c 
3c 

^c 
'ic 

(2)     Nonmetalllc  sheathed  cable 

2b /b 

3c 

4c 

(3)     Surface  raceway 

la/a 

2b 

Jc 

12.  MAINTAINING  AND  REPAIRING  INTERIOR  DISTRIBUTION 
SYSTEMS,  MOTOtLi  >  AND  CONTROL  CIRCUITS 

SR:     AFM  91-17;  AFR  91-4 

7  Attachment  1 
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Figure  3-10.  STS  Qualitative  requirements. 
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task  is  a  part  of  the  airnian*s  duty  position,  the  supervisor 
must  give  the  airman  qualification  training  through  OJT  to 
bring  him  or  her  to  the  2b  proficiency  level.  You  may  see  a 
task  coded  **la/-."  This  coding  indicates  that  the  course 
doe>  not  teach  the  task.  Not  teaching  the  task  or  teaching  it 
to  a  lower  proficiency  level  by  the  course  could  be  caused 
by  lack  of  time  or  safety  factors.  For  example,  an  STS  task 
**Install  and  connect  service  entrances,*'  is  coded  "2b/b." 
The  **b**  indicates  that  the  students  are  taught  the  task 
knowledge  only.  It  would  be  too  costly  to  teach  task 
performance.  This  task  is  better  taught  through  on-the-job 
training. 

The  scale  values  in  columns  2A,  3A,  and  4A  show  the 
extent  of  training  needed  on  each  job  element  through  on- 
the-job  training  for  the  award  of  the  3,  5,  and  7  skill  levels 
respectively.  Columns  2B  and  2C,  3B  and  3C,  and  4B  and 
4C  provide  space  for  a  record  of  OJT  progress  and  its 
certification. 

Exercises  (069): 

1 .  The  STS  task  and  knowledge  statements  in  column  1 
are  based  upon  what  document? 


2.  Why  are  study/references  included  in  column  1? 


3.  Explain  the  term  ''AFSC/Crs"  in  the  headings  of 
columns  2A  and  4A. 


4.  4.  How  is  3-skill-level  upgrade  training  accomplished 
if  column  2 A  has  the  words  "no  basic  course"  printed 
on  it? 


Once  proficiency  training  starts,  record  the  date  in  cG?umn 
B  (3B  in  our  sample).  Once  training  is  completed,  record 
the  date  and  initial  it.  Have  the  trainee  initial  it  as  well 
(column  3C).  Should  the  proficiency  level  be  different  from 
that  on  the  STS,  you  can  upgrade  it  (2a  to  3c)  but  not 
dov  ngrade  it. 

Once  all  tasks  are  identified  on  the  STS,  list  the  locally 
assigned  tasks  on  AF  Form  797.  For  each  task,  record  the 
necessary  S/TRs,  circle  the  appropriate  skill  level,  and 
record  the  date  OJT  starts.  Notice  that  there  are  columns  for 
the  Date  OJT  Completed,  Trainee  Initials,  and  Trainer 
Initials.  The  paragraph  and  page  numbers  should 
correspond  to  the  associated  paragraph  and  page  number  on 
the  STS. 

Exercises  (070): 

1.  Why  is  the  STS  considered  the  **  basic  training 
document?" 


2.  How  are  tasks  for  a  duty  position  identified  on  the 
STS? 


3.  How  is  the  completion  of  proficiency  training  for  a 
task  shown  on  the  JPG? 


4.  What  tasks  are  recorded  on  AF  Form  797? 


5 .  In  addition  to  tasks  on  AF  Form  797 ,  what  else  must  be 
added  for  each  task? 


070.  State  how  the  STS  is  used  as  a  basic  training  control 
document  and  explain  the  conversion  of  an  STS  to  a 
JPG. 

The  STS  As  A  Training  Control  Document.  Each 
airman's  training  folder  (AF  Form  623)  must  contain  a  JPG. 
A  JPG  consists  of  an  annotated  STS  and  (if  needed)  an  AF 
Form  797,  Job  Proficiency  Guide  Continuation  Sheet.  The 
AF  Form  797  is  used  only  if  the  airman's  duty  position 
requires  performance  of  tasks  which  are  not  listed  on  the 
STS. 

Convert  the  STS  to  a  JPG  by  designating  the  specific  job 
tasks.  The  STS  may  contain  as  many  as  150  or  more 
separate  tasks.  All  the  same,  if  the  airman  performs  only  25 
of  these,  plus  3  locally  assigned  tasks,  fill  in  the  JPG  only  to 
the  extent  of  the  28  applicable  tasks.  List  the  3  locally 
assigned  tasks  on  AF  Form  797.  Identify  the  25  tasks  on  the 
STS  by  eliding  the  code  key  (in  pencil).  Figure  3-1 1  gives 
you  an  example  of  tasks  that  are  identified  (colunm  3A). 


071.  Specify  the  actions  necessary  to  make  JPG 
assignments  and  indicate  how  quaiification  training  is 
recorded  on  the  JPG. 

Use  of  the  JPG.  Once  the  tasks  have  been  identified  on 
the  JPG  and  proficiency  training  has  begun,  use  the  JPG  to 
record  completion  of  and  to  have  an  available  record  of 
proficiency  training.  Look  again  at  figure  3-11.  Notice  that 
some  tasks  have  twpo  or  more  action  verbs.  If  the  trainee  is 
responsible  for  all,  then  the  initials  in  column  C  indicate 
proficiency  for  the  entire  task.  If,  for  some  reason,  trainirig 
can  be  given  on  only  one  part  of  the  task,  circle  and  initial 
the  appropriate  verbs  in  pencil. 

Once  upgrade  training  is  completed  (all  assigned  tasks 
are  signed  off),  the  JPG  is  a  basis  for  recommending 
upgrade  action,  provided  the  other  requirements  are  met 
(career  knowledge  training  and  time). 

However,  even  after  upgrading  action  is  complete,  the 
JPG  is  used  to  record  qualification  training.  This  training  is 
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STS  54  2X0 


TASKS.  KNOWLEDGE 
AND  STUDY  REFERENCES 


?•     ELECTRICIANS  TOOLS  AND  TEST  EQUIPMENT 
a*     Select  and  use 

SR;     AFP  85-1;  AFR  127-101;     TOs  32-1-101, 

(1)  Electricians  handtools 

(2)  Portable  power  tools 

(3)  Soldering  equipment 

(4)  Manual  conduit  benders 

(5)  Manual  conduit  threaders 

(6)  Power  conduit  bend 

(7)  Power  conduit  >^  ^-^-rtfers 
b.     Select  and^^^^l^c trical  or  electronic 

SR:     TO  31-1-141  series  and  33A1  series 

(1)  Meters 

(2)  Test  equipment 
8.     ELECTRICAL  FUNDAMENTALS 

SR:     TO  31-1-141  series 
a.     Electrical  principles 

Interpret  electrical  terms  and  symbols 
Construct  basic  electrical  circuits 


AFSC 

/Crt 


3P-1-15(1 
2b 
2b 
2b 

2b /la 


B 

Date 
OJT 
Started 


PENCIL  ENTRY 


b. 

c 
d« 


Measure  electrical  properties  in  circuits 
and  components 

Compute  for  voltage,  current,  resistance, 
and  power 


f •     Transformer  theory  and  application 
g.    Basic  electrical  power  sources 
9,     ELECTRONIC  FUNDAMENTALS 

SR:     TO  31-1-141  series;  ANSI  Y32.2 

a.  Electronic  principles  applicable  to  tasks 
listed  in  this  STS 

b.  Interpret  electronic  terms  and 
symbols 

10.     PLANNING  AND  LAYING  OUT  WORK 

SR:     AFM  88-15  (chap  7);  MIL  STD  15-3 


la/a 


2b 
2b 


B 

2b 
2b 

2b 
2b 
B 
B 


C 

ate  Compid 
&  Trair>«e's 
Supervisor's 
Initials 


A 

AFSC 


B 
Date 
OJT 
Started 


© 

(E) 

3c 
3c 


© 


Date  Compid 
&  Trainee's 
Supervisor's 
Initials 


 PROFICIENCY  LEVEL.  PROGRESS  RECORD  AHP  CE R Tl  FIC  AJ >QH 

"I  3  SKILL  LEVEL  |  3.        5  SKILL  LEvEL  \a,  7   SKILL  LEvE  L 


AFSC 
Cn 


B 

Date 
OJT 

St. V  ted 


4c 
Ac 
Ac 
Ac 
Ac 
Ac 
Ac 


Ac  ^ 
n 
u 

Ac  5r 


C 

Ac 


Ac 
Ac 


ALL  INK 
ENTRIES  IN 
THIS  COLUMN 


ALL  PENCIL  ENTRIES 
IN  THIS  COLUMN 


2b 


3c 


O.ite  ComPId 
&  Ti.imee*s 
Supervisor's 

l.-1'tlOlS 


Attachment  1 


Figure  3-11 .  Job  Proficiency  Guide  (JPG),  sample  page. 
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recorded  in  a  manner  identical  to  that  for  upgrade  training. 
Each  time  your  airmen  change  duty  positions,  you  must 
perform  an  evaluation  which  includes  a  review  of  all 
previous  JPG  entries.  Then  you  must  determine  the  extent 
of  training  required  for  the  new  position.  If  an  airman  is 
previously  qualified  on  the  task,  you  determine  whether  the 
airman  is  still  qualified.  If  not.  establish  a  qualification 
training  program  for  that  task. 

Exercises  (071): 

1 .  How  is  the  assignment  of  part  of  a  task  statement  made 
on  the  .IPG  (only  one  of  two  action  verbs)? 


2.  If  a  task  has  two  action  verbs  and  proficiency  training 
is  given  on  both,  how  is  qualification  on  this  task 
shown  on  the  JPG? 


3.  How  is  qualification  training  recorded  on  a  JPG? 


4.  If  an  airman  is  found  to  be  unqualified  on  a  task  on 
which  he  or  she  was  previously  qualified,  what  must 
you  as  the  supervisor  do? 


072,  State  how  to  handle  a  new  or  revised  STS,  how  to 
process  an  airman's  JPG  upon  arrival  at  a  new  duty 
station,  and  this  disposition  of  the  JPG, 

Processing  of  the  JPG.  The  JPG  for  the  individual's 
current  skill  !evel(s)  (both  UGT  and  qualification  training) 
is  required  to  be  maintained  in  the  training  folder.  If  the 
individual  is  dual  qualified,  JPGs  for  both  AFSCs  are  kept 
in  the  folder.  If  an  airman  enters  retraining,  in  addition  to 
the  current  JPG  being  used  for  retraining,  retain  the  JPG(s) 
for  the  training-out  AFSC  until  the  trainee  has  attained  a 
skill  level  equal  to  the  highest  level  held  in  the  previous 
AFSC.  You  can  give  JPGs  for  previous  skill  levels  to  the 
individual  unless  you  must  records  training  for  the  current 
skill  level  on  the  same  JPG.  For  example,  if  Amn  Jane 
Smith  has  been  upgraded  to  the  5  skill  level,  you  must 
record  her  7-skilMevel  training  on  a  different  JPG  and  give 
the  JPG  with  the  record  of  5-skilMevel  training  to  Airman 
Smith. 

What  must  supervisors  do  when  a  new  or  revised  STS 
arrives  for  one  of  their  trainees?  Luckily,  you  are  not 
required  to  redo  the  JPG  completely  if  all  required  training 
can  be  done  using  the  old  STS. 

When  the  new  STS  is  received,  review  it  to  see  whether 
all  required  training  can  be  done  using  the  old  JPG. 
Annotate  it  with  the  date  reviewed,  sign  it,  and  file  the 
annotated  STS  copy  with  the  master  JPG. 

When  a  trainee  is  transferred  to  another  duty  section,  the 
new  immediate  supervisor,  along  with  the  trainee,  reviews 


all  pencil  entries  (training  assignments)  on  the  JPG.  If  a 
training  capability  for  that  phase  exists  in  the  new  section, 
the  training  on  that  item  is  continued  until  it  is  completed. 
If  a  training  capability  does  not  exist,  or  if  training  is  not 
required,  erase  all  pencil  entries.  Whenever  a  previously 
certified  task  is  not  required  in  the  present  position,  erase 
the  circle  in  column  2A,  3A.  4A  (fig.  3-11).  or  in  AF  Form 
797  for  the  appropriate  skill  level  which  specifies  that  the 
task  is  required.  This  step  is  followed  so  that  the  JPG  will 
continue  to  reflect  the  tasks  applicable  to  the  airman's 
present  position  assignment.  It  does  not  in  any  way  affect 
certification  of  the  task. 

Exercises  (072): 

1 .  What  should  be  done  with  a  JPG  once  an  airman  has 
been  upgraded  to  the  5  skill  level  and  has  to  be  placed 
into  UGT  to  the  7  skill  level? 


2.  Under  what  circumstances  would  there  be  two  JPGs  in 
an  airman's  training  folder? 


3 .   What  must  you  do  when  you  receive  revised  STSs? 


4.  What  must  you  do  to  the  JPG  to  reflect  that  a  trainee  is 
no  longer  responsible  for  performing  a  task  for  which 
he  or  she  is  qualified? 


5.  A  JPG  should  show  which  tasks? 


073,  Cite  the  purpose  and  use  of  AF  Form  623. 


Although  the  JPG  is  the  record  of  proficiency  training,  it 
is  not  a  complete  picture  of  an  airman's  training.  Other 
records  must  be  documented  to  show  CDC  completion  and 
other  training  applicable  to  the  AFS. 

AF  Form  623.  This  form  is  a  comprehensive  record  of 
AFSC-oriented  oriented  training.  This  means  that  only  the 
training  associated  with  the  AFS  is  recorded  on  or  stored  in 
the  form.  Off-duty  courses  at  a  civilian  school  are  not 
recorded.  It  has  four  pages — in  the  shape  of  a  common 
manila  folder.  It  can  be  filed  in  the  same  manner  as  the 
manila  folder.  It  is  shaped  so  that  the  JPG  and  other 
pertinent  training  forms  can  be  included  as  part  of  the  form. 

AF  Form  623  is  designed  to  contain  all  pertinent 
information  for  nianageinent  personnel  to  use  in  making 
decisions  and  to  reflect  the  current  history  of  an  airman  at 
any  particular  time.  Supervisory  personnel  use  the  form  in 
determining  whom  to  recommend  for  upgrade  action,  when 
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qualification  training  is  necessary,  and  in  making 
assignments  or  recommending  personnel  for  positions.  The 
primary  purpose  of  the  form  is  training  documentation. 
Through  this  documentation,  the  Air  Force  assures  that 
airmen  are  trained  in  their  AFSs  to  a  particular  standard  so 
that  they  can  perform  predictably,  effectively,  and 
efficiently. 

The  AF  Form  623  has  sections  which  permit  the 
recording  of  all  upgrade  training,  qualification  training,  and 
retraining,  when  conducted  on  the  job.  Also,  there  are 
sections  for  recording  CEXTs,  ECs,  and  formal  courses 
completed. 

Exercises  (073): 
1 .  What  is  the  primary  purpose  of  AF  Form  623? 


2.  What  is  the  definition  of  AF  Form  623? 


3.  Identify  statements  that  define  the  uses  of  AF  Form 
623  by  placing  an  '*X'*  in  the  appropriate  blanks. 

 a.  A  record  of  an  airman's  UGT  from  the  helper  to  the 

advanced  skill  level. 
 b.  Contains  a  record  of  an  airman's  current  training 

history. 

 c.  Used  to  record  courses  completed  at  a  local 

college. 

 d.  Used  by  supervisory  personnel  to  maintain  a  record 

of  an  airman's  training  progress. 
 e.  Used  by  supervisory  personnel  to  determine  when 

qualification  training  is  needed. 
 f.  Used  to  record  qualification  training  and  upgrade 

training. 

 g.  Used  by  supervisory  personnel  to  determine  whom 

to  recommend  for  promotions. 
 h.  Used  by  supervisory  personnel  to  determine  whom 

to  recommend  for  upgrading. 
 i.  Contains  a  record  of  each  CDC  volume  completion. 


074.  State  how  to  prepare  and  maintain  AF  Form  623, 
and,  when  given  situations  concerning  an  airman's 
training,  state  how  to  make  the  entries  in  the  training 
record. 


Contents  of  AF  Form  623.  AF  Form  623  is  not  complete 
until  the  JPG  (consisting  of  an  annotated  STS)  for  the 
appropriate  AFS  is  included.  Inclusion  of  the  JPG  in  the  AF 
Form  623  provides  the  data  necessary  for  completing  job 
knowledge  and  job  proficiency  training  and  recording  all 
qualification  training.  Once  the  JPG  is  inserted  into  the  AF 
Form  623,  it  becomes  an  official  part  of  the  individual's 
training  record.  The  immediate  supervisor  and  trainer  use 
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the  AF  Form  623,  along  with  the  JPG,  to  maintain  a 
cumulative  record  of  an  airman's  training  progress. 

Because  the  AF  Form  623  must  be  available  to  the 
immediate  supervisor,  it  is  maintained  at  the  lowest  level  of 
supervision  having  facilities  for  the  storage  and 
maintenance  of  forms.  In  most  cases,  this  is  the  immediate 
work  unit.  When  an  airman  is  transferred,  the  AF  Form  623 
with  all  appropriate  current  data  inserted  (manual  or 
autompted  forms)  accompanies  the  airman*s  field  records 
group  to  the  training  organization.  The  airman's  training  is 
continued  unless  specifically  withdrawn  by  the  gaining 
organization.  File  in  AF  Form  623  any  AF  Form  2095/2096 
and/or  appropriate  orders  issued  by  the  gaining  organization 
to  continue  or  discontinue  training. 

AF  Form  623,  prepared  in  one  copy,  is  a  permanent 
record  which  reflects  the  entire  range  of  an  airman's 
progression.  However,  the  need  may  arise  to  insert  an  AF 
Form  623a,  On-the-Job  Training  Record — Continuation 
Sheet,  in  the  training  record.  AFForm  623a  provides  space 
to  continue  a  section  of  the  AF  Form  623  when  that  section 
is  completely  filled.  Remove  all  AF  Forms  623a  from  the 
training  folder  that  are  not  applicable  to  the  airman's 
current  OJT  training  objective.  For  example,  if  an  airman  is 
training  to  the  5  skill  level,  an  AF  Form  623a  with  entries 
pertaining  only  to  3-skill-level  training  should  be  removed 
from  the  folder. 

The  following  documents  should  be  included  in  the 
training  folder  when  applicable: 

a.  AF  Forms  1098,  2095,  2096,  and  2097,  Classification 
Board  Action,  and/or  special  orders  that  have  a  direct 
influence  on  the  airman's  training — for  example,  entry  into 
training,  removal  from  UGT,  upgrade  action,  or  extensions 
in  training  time. 

b.  The  appropriate  STS(s)/JPG(s). 

c.  AFForm 623a. 

d.  AF  Forms  797. 

e.  AF  Form  V-y^^,  CDC  Status  Record,  and  ECI  Forms 
9,  Report  of  Course  Examination  and  Report  of  Volume 
Review  Exercise.  Remove  these  forms  when  the  individual 
completes  UGT  to  the  skill  level  for  which  the  CDC  is 
required. 

AF  Form  497,  Air  Force  Policy  Statement— Firearms 
Safety  and  Use  of  Force,  and  2400  series. 

g.  Data  automated  products.  The  procedures  listed  in 
this  objective  segment  pertain  primarily  to  nonautomated 
training  documentation  requirements.  Once  an  approved 
automated  training  system  or  subsystem  is  implemented, 
the  following  documentation  procedures  apply: 

(1)  When  the  automated  product  becomes  available,  it 
will  be  used  in  lieu  of  manual  forms  or  selected  parts  of  the 
manual  forms  described  in  this  section. 

(2)  Those  products  that  duplicate.  AF  Form  623  entries  or 
other  training  forms  required  by  AFR  50-23  are  not 
required  to  be  maintained  in  the  training  folder  unless 
determined  necessary  by  the  MAJCOM/DP  and  the 
functional  user.  However,  those  automated  products  that 
ai-e  not  maintained  in  the  AF  Form  623  must  be  inserted  in  it 
when  the  airman  is  TDY  in  support  of  an  operational 
commitment  in  excess  of  30  days  or  when  departing  PCS . 
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h.  Other  documents  or  copies  of  documents  which,  in 
the  opinion  of  the  MAJCOM  DCS/P(DCS./T  for  AFRES 
and  DPT  for  ANG),  are  necessary  to  provide  a  complete 
picture  of  the  airman's  overall  training  status.  Do  not  insert 
certificates  of  completion  in  AF  Forms  623. 

An  AF  Form  623  must  be  maintained  for  each  individual 
in  grades  E~l  through  E-6  and  for  each  airman  in  grades 
E-7  through  E-^  who  is  in  retraining. 

This  policy  does  not  prevent  MAJCOMs  from  directing 
the  maintenance  of  AF  Form  623  for  E-7  through  E-9 
personnel  whose  duties  are  such  that  an  active  training 
record  would  be  beneficial.  Examples  are  EGRESS 
personnel,  nuclear  weapon  technicians,  instructors, 
medical  lab  technicians,  and  others. 

Upon  separation,  i-etirement,  or  promotion  to  pay  grade 
E-7,  give  the  AF  Form  623  to  the  individual,  unless  it  is 
required  as  stated  above. 

All  entries  in  AF  Form  623  may  be  made  with  typewriter, 
ink,  pencil ,  or  any  combination  of  the  three . 

Use  figures  3-12  and  3-13  to  follow  the  instructions  for 
completing  the  AF  Form  623. 

Section  I,  Identification  Data,  and  Section  II,  Orientation 
and  Certification,  make  up  the  front  (first  page)  of  the  form. 
Enter  the  trainee's  name,  grade,  SSAN,  primary  AFSC, 
duty  AFSC,  and  training  to  AFSC.  In  our  example,  let's  use 
the  54251  as  the  training  to  AFSC  and  the  date  entered 
training  as  of  18  July  1981.  The  estimated  training 
completion  date  is  based  on  criteria  in  AFR  50-23.  In  this 
case,  normal  upgrade  training,  6  months  fixjm  18  July, 
would  be  17  January  1982.  General  AQE  score  is  60.  The 
dates  for  evaluations  are  figured  as  follows:  The 
supervisor's  evaluation  (from  Table  2-2,  AFR  50-23 
Active  Forces;  Table  2-5,  ANG/AFRES)  is  not  later  than 
(NLT)  the  8th  month  of  training.  Therefore,  if  this  airman 
has  not  completed  UGT  by  17  March  1982,  the  supervisor 
must  evaluate  the  trainee.  If  the  supervisor  recommends 
additional  training  and  the  airman  is  not  upgraded  by  the 
end  of  the  12th  month,  then  the  commander  must  evaluate 
the  trainee.  The  date  for  commander's  evaluation  is  17  July 
1982.  The  maximum  training  date  is  NLT  the  18th  month  of 
training  or  17  January  1983. 

In  those  instances  where  the  number  of  CDC  volumes 
cause  an  airman  to  exceed  recommended  time  limits  (6 
months,  normal  UGT  to  the  5  skill  level),  add  1  month  per 
volL^me,  plus  1  month  for  the  CE.  If  the  airman  in  the 
example  above  has  a  six- volume  CDC,  the  estimated 
training  completion  date  would  be  17  February  1982. 

In  Section  II,  when  supervisors  enter  their  name  and 
grade,  they  are  certifying  that  they  have  briefed  the  trainees 
on  items  "a"  through  "g"  when  entered  into  UGT.  The 
final  block  in  Section  II  is  signed  only  if  the  AF  Form  623 
has  been  reaccomplished  because  of  a  mutilated,  dirty,  or 
illegible  form. 

Section  UI  (fig.  3-13)  was  designed  for  recording 
Achievement  Test  Scores.  However,  these  achievement  test 
scores  are  on  file  in  the  Base  Education  Office  and  are  no 
longer  recorded  in  the  AF  Form  623. 

In  Section  IV,  ECI/CDC  Participation,  etc.  enter  all 
CDCs,  ECs,  USAH,  DANTES,  and  other  correspondence 
courses  satisfactorily  completed.  In  colunm  "A,"  enter  the 
course  number  and  title.  In  column  "B,"  indicate  the  total 


number  of  volumes  in  the  course;  in  column  *'C,'*  indicate 
the  date  on  which  the  CE  was  administered. 

In  Section  V,  Technical  and  Supervisory  Training,  list  all 
technical  and  supervisory  courses  satisfactorily  completed. 
Typical  entries  are  limited  to  formal  technical  schools  but 
include  FTD  courses,  training  management  classes,  NCO 
Leadership  School,  etc. 

The  May  1976  edition  of  AF  Form  623  has  no  Section 
VI,  but  the  March  1974  edition  does.  You  will  see  both  in 
your  maintenance  of  these  forms.  Page  4  contains  Section 
VI  in  the  March  1974  edition.  In  the  May  1976  edition 
page  4  is  blank. 

Recall  that  AF  Form  623a  is  the  continuation  sheet  for 
any  section  of  the  AF  Form  623  that  is  filled.  Probably, 
Section  VI  of  the  March  1974  edition  is  filled  at  this  date.  If 
not,  the  following  information  should  be  recorded  in  this 
section: 

a.  Name,  grade,  date,  and  action  taken  as  a  result  of 
evaluations  required  by  table  2-2,  AFR  50-23  (supervisor, 
commander,  and  final). 

b.  Dates  of  time  periods  and  circumstances  under  which 
completion  of  the  training  objective  (training  to  AFSC)  is 
delayed. 

c.  Appropriate  information  to  indicate  that  the  trainee  is 
not  enrolled  in  the  available  required  CDC  and  reasons 
why. 

The  above  information  should  be  entered  into  AF  Form 
623a  if  you  have  a  trainee  with  a  May  1976  edition  of  the 
AF  Form  623  or  if  Section  VI  is  filled  for  a  trainee  with  a 
March  1974  edition. 

Anytime  an  ink  entry  is  changed,  place  correction  tape 
over  the  entry.  Then  enter  the  correct  information  on  the 
correction  tape.  Dull  finish  transparency  tape  may  be 
placed  over  blocks  subject  to  change  to  make  erasure  easier 
and  to  'irotect  the  form. 

Exercises  (074): 
1 .  Where  is  the  AF  Form  623  maintained? 


2.  What  is  the  purpose  of  AF  Form  623a? 


3.  Under  what  circumstances  can  you  give  the  AF  Form 
623  to  an  airman? 


4.  Where  (what  section)  and  when  does  the  trainee  sien 
AF  Form  623? 


5.  When  a  trainee  is  administered  the  CE,  what  AF  Form 
623  actions  should  you  take? 
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lOEHTincATlON  Data 


U5T  NAME  '  FIRST  NAME  -  MIDDLE  INITIAL 

PftFSC 

DATE  ENTERED  TRAINING 

utNtrAL 
AQE  SCORE 

DATE  KJn  bUrtnViDUni  tvHL 

DAFSC 

DATE  row  COMDR  EVAL 

GAADE 

ESTIMATED  TNG  COMP  DATE 

m  10  A^9l  " 

MAXIMUM  TRAINING  DATF 

ONTHE  JOB  TRAINING  RECORD 


fTHIS  FOHM  tS  AFFF.C7KD  llY  Tim  PHIVACY  ALT  Or  /97<p 


AUTHORITY:  44  VXSIOI:  tO  VSCSOUcnd  EO  ^S97 

PRWCiPAL  PURPOSE:  AFFom  62Jondalt  docuntms  fiitd  in  thtfoldtt  Jtt  uttd  to  maintain    mdividuof  romprthenme  record  ufAhSC 
oritftttd  twnit\]l. 

ROUTINE  USES.    I  To  documtm  and  monitor  upircdf  tnd  trnaining  $kiH prpirtition  and qualijlcatm  tmining  by  th(  (ramfr  J«J  mmmr 
2.  A\ fl  hiitorical  docMmvnt  by  ptp^r^n  to  dtt(rminc  <n  individualt  rraincJ  ^uihficatiorti  to  perform  rrmred  duttet  on 
initial  tisitnmfnt  and  on  an  "«i  rrquirtd"  basis  thtrtafttr. 

I  Tc  dtttrminf  whtn  entry  into  or  ^^thdrawal  from  tr^inlni  is  rtquind. 

4,  To  determine  if  adequate  tninins  Has  been  fiVrn  when  deteiminini  the  proper  recommendations  to  mukr  rrgirdtn^ 

indi^duils, 

5,  To  detfrmint  the  effectiveness  of  the  OJTprotram, 

6,  Whin  M/vTf  aetiont  are  rtquestrd  in  the  OJT  pfOiram, 

I  ¥fhtn  an  individual  Is  beini  considered  for  separation  from  the  Air  Force, 

S,  When  nquiffd,  to  determine  appropriate  corrections  to  an  individuals  records. 
DISCLOSURE  IS  MASDA  TOR  K  Failure  to  provide  information  MdH  prevent  required  control  monitorinf  of  AFSC  tminini  vthich 
feopartUtt  the  abiHty  of  the  unit  to  perform  its  assiined  mission  and  tW//  also  preven t  hither  headquarters  fror^)  knowir\i  the  skill  qucliftcatiorts 
on  personnel  ittitt  units,  TheSSANis  mandatory  to  make  positive  idenrifUation  of  the  individual  in  relation  to  other  personnel  actions  and 
records. 


ORIENTATION  AND  CERTIFICATION 

IMMEDIATE  SUPERVISOR  (GRADE  AMD  NAME) 

JRIEFS  YOU  ON  SECTION  TRAINING  PROGRAM  AND  tXPLAlNS  THE  fQLLOlMNfi 

a.  YOURAFSOtSCRIPTlON.  AFM  39-1 

b.  TRAINING  fltOUlREMENTS.  A^M  50-23  AND  JPG 

c.  UPGRADING  AND  PROMOTION.  AFR  39-29 

d.  APPfltNTlCE  KNOWLEDGE  TEST  (AKTI  PflOCEOURtS.  AfM  35- 1 
ft,  PROFICIENCV  TRAINING.  AfM  50-23 

i.  EXPLAINS  USE  OF  AF  FORM  623.  STS  AND  JPG.  AFM  50-23 
g<  CERTIFIES  COMPLETION  OF  JPG  TASK  ITEMS.  AFM  50-23 

TRAINEE  SIGNATURE 

I  CERTIFY  That  the  actions  listed  ABOVE  HAVE  BIEN  ACCOMPLISHED  AND  THAT 
J  UNDERSTAND  MY  INDIVIDUAL  RESPONSIBILITIES  f  0^  CARtER  PROOHESSlCN  AS 
ESTABLISHED  IN  AFM  50-23. 

SIGNATURE  AND  TITLE  OF  CERTIFY1N0  OfFlCIAL 

1  CERTIFY  TKAT  THIS  A?  FORM  623  1$  A  COPY  CF  PERTINENT  DATA  CONTAINED 
INAPREVI0U5AF  FORM  623. 

AF    J^^St    W3  PREVIOUS  EDITION  WILL  IE  U5C0. 

MAY  7S 


Figure  3-12.  AFFomi  623  (front). 

BESl  COPY  AVAILABLE 


er|c 


III. 


READING  ACHieVEMCNT  TEST 

PART  ■  <DATE  AND  SCQRU  |  p^^y  ,,  ,  p ^  b  AND  SCOHfc) 


ECl/CDC  FARTICIPATIDM,  BTC 


COURSE  NUMBER  AnO  TJTLC 


NO.  or 

VOLUMES 


CATC  COMP 
IMO/VR) 
C 


COURSE  NUMBER  ANO  TITLE 


NO.  or 

VOLUMES 


GATE  COMP 
(MO/VR) 
C 


TECHNICAL  AND  SUPCR VISORY  TRAINING 


COURSE  NUMBER  AND  TITLE 

DATE 
COMPL 

COURSE  NUMBER   ANO  TITLE 

DATE 
COMPL 

U-«tM 


Figure  3-13.  AF  Form  623  (back). 
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6.  What  is  the  estimated  training  completion  date  entered 
on  AF  Form  623  for  airmen  taking  a  5-volume  CDC 
who  entered  training  2 1  June  1978? 


9.  How  shvmld  you  change  an  ink  entry  on  AF  Form  623? 


7.  If  an  ainnan*s  date  entered  training  is  adjusted,  what 
other  dates  should  be  adjusted  on  the  AF  Form  623? 


8.  In  what  section  of  AF  Form  623  should  you  enter  the 
following: 

a.  Date  entered  training? 


b.  Completion  of  Extension  Course  9? 


c.  An  FTD  course? 


d.  An  ATC  resident  course? 


075.  State  who  is  responsible  for  initiating  and 
maintaining  AF  Form  1096,  and  specify  its  use  and 
disposition. 

AF  Form  1096.  While  the  trainee  is  completing  the 
required  CDC,  you  need  some  method  to  monitor  the 
trainee* s  progress.  The  AF  Form  1096  is  the  prescribed 
form  to  use.  Tlie  form  is  maintained  by  both  you  and  the 
unit  OJT  manager  (see  fig.  3  14).  the  latter  The  OJT 
manager  initiates  the  form  in  two  copies  and  sends  the 
forms  to  you.  You  establish  a  completion  schedule  when 
the  first  volume  is  assigned  for  study.  Then,  you  return  one 
copy  to  the  OJT  manager.  While  the  entries  on  the  form  arc 
self-explanatory,  special  guidance  is  provided  for  unusual 
circumstances.  Section  1,  CDC  No.:  When  the  trainee  is 
enrolled  in  more  than  one  CDC,  all  currently  required 
CEMTs  will  be  entered  in  this  block.  Prefix  the  CDC  number 
to  indicate  number  1,  number  2,  etc.  Also,  prefix  the  date 
ordered  and  received  in  the  same  manner  to  correspond  with 
the  CDC  No.  block.  Section  il:  Enter  each  CDC  volume  or 
unit  for  ECI  Course  9.  The  estimated  completion  date  is  the 
best  date  for  the  trainee  to  complete  the  volume  or  unit. 


1.                                                                    PERSONAL  DATA 

LAST    NAMC  t-mST 

N  A  ■    i,.-^ID  D  L  E. 

Itj  1  T  1  A  u 

GRADE 

&S  AN 

C  J  '  y   b  1 ,  C 

1  N  A  1  N  E  »» 

CDC  r40. 

DATES 

OHD  C  «  C  D 

*n  c  t  »  V  t 

L 

il. 

CDC  INFORMATION 

vou 

DATES 

SCORE 

VOL 

DATES 

SCO  RP 

EST 

C  QMP  U 

COmPI.  F-TED 

L  S  T    CO  Ml  '  1- 

C  0'.» 

1  '  I   L    ?  k  I : 

111. 

COURSE 

EXAMINATION  RESULTS 

C  E 

NO, 

DATE  ADMIN 

RESULTS 

CE  NO. 

DATE  AD»^IN 

MEISUL  IS 

AF  731096 


CDC  STATUS  RECORD 


Figure  3-14.  AF  Form  1096. 
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Enter  the  estimated  completion  date  for  each  volume  as 
assign  it  for  study.  However,  you  will  have  established  and 
entered  the  course  completion  schedule  when  you  assign  the 
first  volume  for  study.  Enter  the  date  the  trainee  completes 
the  VRE  in  the  date  completed  block.  Section  III;  Enter  the 
CDC  number  in  each  block.  The  date  administered  is  the 
date  the  trainee  is  given  the  CE. 

Once  the  ECI  Form  9,  Report  of  Course  Examination,  is 
received  with  a  satisfactory  score,  remove  the  AF  Form 
1096  from  the  AF  Form  623  and  destroy  it. 

Exercises  (075): 
1 .  Who  must  maintain  the  AF  Form  1096? 


2.  What  is  the  purpose  of  AF  Form  1096? 


3.  When  is  the  AF  Form  1096  removed  from  the  trainine 
folder?  ^ 


4.  When  is  the  course  completion  schedule  set  up  i 


5.  Who  initiates  AF  Forms  1096? 


076,  State  the  purpose  of  AF  Form  1098,  and  explain  the 
meaning  of  certain  entries  made  on  the  form. 

AF  Form  1098.  This  form  (fig.  3-15)  may  be  used  to 
document  selected  special  task  qualifications  of  a  critical 
nature,  selected  tasks  requiring  recurring  training  or 
evaluation,  and  selected  tasks  where  the  supervisor  relies  on 
someone  else  to  validate  the  individual's  qualifications. 
When  used,  it  becomes  a  part  of  the  AF  Form  623 
Additionally,  Air  Force  and  MAJCOM  directives  may 
identify  tasks  contained  in  the  STS  that  require  special 
certification     or    recurring     training     or  evaluation. 
Qualifications  for  these  selected  tasks  may  be  documented 
on  the  AF  Form  1098  instead  of  on  STS.  This  form 
consolidates  the  status  ox  qualifications  of  a  critical  or 
recumng  nature,  so  that  you  can  readily  them  without 
screening  all  routine  entries  in  the  JPG  and  AF  Form  623a 
The  form  may      disposed  of  when  all  of  the  entries  are 
noncurrent.  Tiic  ;  >  Tn  may  be  overprinted  at  command, 
wing,  or  unit  level  to  standardize  common  entries  and 
reduce    administrative    workload.    Those    items    of  a 
permanent  nature  may  be  entered  on  a  separate  form.  When 
you  are  initiating  the  form  for  recurring  entries,  give 
consideration  to  grouping  entries  with  the  same  recurring 
date,   such  as  monthly,   quarterly,  semiannually,  and 
annually.  Leave  an  appropriate  number  of  spaces  between 


entnes  in  column  A  to  preclude  the  need  for  reentering  the 
information  at  frequent  intervals.  Draw  heavy  black  line 
across  the  form  to  inclose  the  required  number  of  entry 
lines.  Then,  as  ree valuations  are  completed,  make  the 
appropriate  entries  in  columns  B  through  H.  Line  out 
noncurrent  entries.  Although,  for  the  most  part,  the  blocks 
are  self  explanatory,  the  following  paragraphs  explain  the 
entnes  to  make  on  the  AF  Form  1098.  Leave  blank  any 
nonapplicable  column. 

Column  A— Enter  the  selected  special  task  and  the 
applicable  directive  that  requires  qualification  of  training. 

Column  B— Enter  the  type  of  evaluation  such  as  P  for 
practical  or  W  for  written.  When  both  a  practical  and 
wntten  evaluation  are  required,  draw  a  diagonal  line  in  the 
applicable  columns  B  through  E  to  separate  the  required 
information.  When  the  entry  pertains  to  training,  enter  C 
for  classroom ,  P  for  practical ,  or  SS  for  self-study . 

Column  C— Enter  the  date  the  evaluation  or  special 
training  was  completed. 

Column  D— Enter  the  score,  rating,  or  when  required  by 
the  applicable  directive,  the  number  of  hours  of  trainine 
received. 

Column  En~Enter  the  date  refresher  training  or 
reevaluation  is  required. 

Column  F — Enter  the  name  or  signature  of  the  evaluator 
or  instructor,  when  other  than  the  supervisor  or  certifying 
official,  and  when  this  information  is  required  by  the 
applicable  directive.  An  entry  in  this  column  does  not 
consititute  certification  of  an  individual's  task 
qualification,  unless  accompanied  by  an  entry  in  column  H. 

Column  G— Have  the  trainees  initial  to  indicate  that  they 
are  aware  of  and  agree  with  applicable  entries. 

Column  H— The  supervisor  or  the  certifying  official 
signs  here.  Print  the  name  of  the  certifying  official  here 
when  you  transcribe  the  entry  from  some  other  source 
document  unless  otherwise  specified  in  the  applicable 
directive.  An  entry  in  this  column  indicates  that  the 
individual  is  qualified  to  perform  the  applicable  task 
without  direct  supervision.  When  the  evaluation  is 
accomplished  by  someone  other  than  the  supervisor  or 
certifying  official,  you  as  the  supervisor,  sign  this  column 
indicating  the  individual  is  qualified.  Name,  SSAN,  and 
grade  arc  self-explanatory.  Enter  the  current  control  AFSC 
of  the  individual  in  the  space  of  AFSC. 

You  can  make  entries  in  ink  or  pencil,  or  you  can  type 
them,  except  for  the  grade  and  AFSC  which  you  must  write 
m  pencil. 

You  review  the  AF  Form  1098  during  the  initial 
evaluation.  Then,  you  place  your  initials  in  column  H  for 
entries  that  are  current  and  that  the  individual  is  qualified  to 
accomplish  in  the  new  duty  assignment.  Reevaluation  will 
not  be  required  for  those  entries  that  you  initialed  until  the 
due  date  indicated  in  column  E  of  the  form.  Line  out  entries 
that  you  find  are  not  current  or  that  require  refresher 
training  or  reevaluation.  Reenter  them  when  the  required 
action  is  completed. 


108 


153 


SPECIAL  TASK  CERTIFICATION  AND  RECURRING  TRAINING 


TASK  on  RCCunniNo 

TRAININQ  ANO 
STilOY  REFERENCES 


TYPE 


EVALUATION  OR  TRAINING 


OATE 
COMPLETEO 


SCORE 

OR 
HOCRS 


DUE 
OA 


EVALUATOR 
OR 

INSTRUCTOR 


TRAINEE 
INITIAL 


SUPERVISOR 
OR 

CERTIFYING 
OFFICIAL 


/WCXTTM  TO  jy^OoT^ 


xo 


77 


44 


n 


22. 


HM^E  OF  TRAINEE  /t«ir.  .Hrif.  MUd/e  /niliaO 


SSAN 

XXX-AX-XXX 


GRADE 


AF    'OHM  1098 

NOV  Tt 


BErlOSa 


Figure  3-15.  AFForm  1098. 
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Exercises  (076): 

1.  The  AF  Form  1098  is  used  to  document  what  three 
things? 


2.  How  docs  the  form  help  you? 


3.  A  ••P/W"  in  the  type  of  evaluation  column  means 
what? 


4.  Why  must  the  trainee  initial  the  Trainee  Initial  block 
after  each  task? 


5.  What  entries  on  AF  Form  1098  are  not  made  in  ink  or 
typed? 


6.  A  line  drawn  through  all  blocks  of  an  entry  means 
what? 


077.  Associate  the  five  phases  of  the  Professional 
Militsu^  Education  (PME)  program  to  their 
corresponding  title  and  state  the  objective  of  the  PME 
program. 

Professional  Military  Education.  Formal  technical 
schools  and  OJT  are,  for  the  most  part,  designed  to  train 
you  in  the  technical  aspects  of  your  career  specialty,  and 
increase  your  skill  level.  When  you  advance  in  skill  level 
you  will  also  progress  in  grade.  As  you  are  promoted  to  the 
higher  noncommissioned  officer  (NCO)  grades,  you  will 
find  that  your  duties  will  change.  You  begin  to  move  closer 
to  the  area  of  supervision.  The  higher  you  go  in  the  NCO 
structure,  the  more  you  will  be  concerned  with  supervision, 
management  and  leadership.  Professional  Military 
Education  is  designed  to  prepare  you  for  this  higher  status, 
and  for  positions  of  greater  responsibility. 

The  PME  program  consists  of  five  phases,  each 
developed  for  personnel  of  particular  grade  and  experience 
levels. 

Phase  I,  NCO  Orientation  Course.  This  course  is 
designed  to  prepare  Senior  Airmen  for  transition  to  NCO 
status.  It  will  normally  be  completed  in  resident  status  prior 
to  appointment  as  a  sergeant,  but  may  be  completed 
through  a  correspondence  course  under  certain 
circumstances. 

Phase  II,  USAF  Supervisor's  Course.  This  course  is 
designed  to  provide  training  for  first  line  supervisors  and 
working  leaders.  It  is  primarily  for  NCOs  in  the  middle  of 
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the  enlisted  force  structure.  At  present,  this  course  is  not 
available  in  correspondence  course  form. 

Phase  III,  NCO  Leadership  Schools  (NCOLS).  NCOs  in 
the  middle  tier  of  the  enlisted  force  are  the  main  targets  of 
this  base  level  course.  NCOLS  are  designed  to  prepare 
junior  NCOs  to  assume  supervisory  positions^  and  to 
provide  job  perspective  in  the  areas  specified  in  AFR  39-6, 
The  Enlisted  Force  Organization.  This  course  is  also 
available  in  correspondence  course  form. 

Phase  IV,  Command  NCO  Academy.  Available  in 
residence  and  through  correspondence  course,  this  course  is 
for  Staff  Sergeants  with  a  line  number  for  Technical 
Sergeant  through  Master  Sergeants.  Its  aim  is  to  prepare 
selected  NCOs  for  more  advanced  leadership  and 
management  responsibilities.  Just  like  the  NCOLS,  the 
academy  curriculum  is  designed  around  the  requirements 
stated  in  AFR  39-6. 

Phase  V,  USAF  Senior  NCO  Academy.  This  is  the 
highest  level  of  PME  that  is  available  to  NCOs.  The 
residence  version  of  this  course  is  9  weeks  long,  and  is 
conducted  by  the  Air  University.  Master  Sergeants  selected 
for  promotion  to  Senior  Master  Sergeant  through  Chief 
Master  Sergeants  are  eligible  to  go  to  this  course.  To  those 
who  cannot  attend  in  residence  a  correspondence  course  is 
available. 

Exercises  (077): 

1.  For  each  PME  phase  represented  below  write  the 
correct  phase  number  (I-V)  in  the  blank  provided. 
Each  answer  is  used  only  once. 

 a.  NCO  Leadership 

School  (NCOLS). 
 b.  USAF  Senior 

NCO  Academy. 
 c.  NCOOrienUtion 

Course. 
 d.  ConunandNCO 

Academy. 
 e.  USAF  Supervisors 

Course. 


2.  What  is  the  objective  of  the  PME  program? 


078.  Identify  the  components  of  motivation  and  state  the 
methods  oi' developing  motivation. 


A  training  program  would  be  of  little  use  to  you  as  a 
supervisor,  unless  the  people  who  work  for  you  have  an 
interest  and  motivation  in  the  OJT  program. 

Developing  Motivation  and  Interest.  Of  all  the 
responsibilities  of  a  supervisor/trainer,  that  of  motivating 
the  trainee  is  pertiaps  the  most  important.  The  on-the-job 
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Uainee  needs  motivation.  Motivation  can  be  defined  as  a 
driving  force  (as  a  need  or  desire)  which  causes  a  person  to 
take  action  or  move  toward  a  goal.  Motivation  is  also  a 
mental  state  or  attitude  in  which  an  individual  is  stimulated 
to  take  an  active  interest.  We  can  ay  then,  that,  the 
components  of  motivation  are  a  driving  force,  action, 
interest,  and  goals.  As  a  supervisor  you  must  create  in  your 
trainers  a  desire  to  teach.  As  a  trainer  you  must  create  in 
your  trainees  a  desire  to  learn. 

It  is  important  that  you  know  something  of  the  driving 
force  and  needs  that  cause  individuals  to  take  action.  Your 
responsibility  is  to  recognize  and  identify  the  needs  of  your 
people  and  then  to  deternune  ways  to  satisfy  their  needs 
through  your  training  activities. 

During  your  initial  orientation  and  training  evaluation 
you  should  have  identified  the  training  needs  of  your 
personnel.  This  evaluation  should  also  include  their 
personal  needs  and  desires.  These  needs  may  fall  into  the 
area  of  physical  or  social  needs.  Although  needs  are 
individual,  many  are  common  to  all  of  us.  Several  of  these 
common  needs  are  security,  recognition,  success,  and  self- 
esteem.  A  way  of  achieving  these  needs  is  to  set  a  goal  and 
then  take  action  to  meet  that  goal.  The  trainees  should  know 
the  goals  cr  objectives,  and  the  driving  force  that  you  are 
trying  to  develop  in  them  can  be  rooted  to  their  needs.  How 
can  supervisors/trainers  develop  motivation  in  their 
trainees?  This  can  be  accomplished  by  responding  to  the 
needs  of  the  individuals.  In  doing  so  you  can  create  in  them 
this  all  important  ingredient,  motivation.  Their  needs,  then, 
become  a  tool  you  can  use  to  develop  motivation.  Here  are 
a  few  ways  that  may  help  in  the  development  process. 

Enthusiasm.  Enthusiasm  in  the  trainer  becomes 
contagious.  If  you  reflect  this  positive  quality  in  your 
training  methods,  the  trainee  will  be  enthusiastic  in  return. 
It's  that  s'  :ple.  If  motivation  is  a  problem,  the  cause  may 
be  a  lack  of  enthusiasm  on  the  part  of  the  trainer  and  a  lack 
of  concern  for  the  trainee.  Most  of  the  time,  fast  learners  are 
easier  to  train  because  they  require  less  attention.  On  the 
other  handy  slow  learners  take  more  Qf  your  time  and 
require  much  more  attention.  A  little  concern,  patience,  and 
enthusiasm  will  go  a  long  way. 

Security.  How  docs  a  need  for  security  affect  trainees? 
Stop  for  a  minute  and  think  of  how  you  felt  when  you 
started  out  your  first  day  on  the  job.  Certainly  the  new 
airmen  feel  much  the  same  way  when  they  encounter  new 
environments  with  the  difficult  task  of  learning  a  new  job. 
How  can  you  help?  Give  clear  instructions  and  complete 
assignments.  Go  over  the  training  program  in  a  logical 
sequence,  don't  just  throw  the  whole  thing  at  them  in  one 
large  shovel  fiill!  Commend  the  trainees  for  a  job  well 
done.  Provide  an  opportunity  for  them  to  talk  over  problems 
with  you.  If  you  apply  these  guidelines  and  some  others  you 
can  think  of,  you  will  be  able  to  build  up  their  self- 
confidence  and  feeling  of  security. 

Recognition.  No  one  likes  to  be  thought  of  as  a  number  or 
just  another  trainee.  We  all  have  a  need  to  be  recognized. 
We  all  want  the  recognition  we  deserve,  the  approval  of  our 
friends,  and  above  all  the  approval  of  our  superiors.  As  a 
leader,  you  can  reap  many  benefits  by  offering  accurate, 
realistic  praise  and  recognition  to  the  trainees  who  have 
done  good  work.  It  bolsters  their  feelings  that  they  are 
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important  and  worth  something  to  someone  else.  The 
effects  of  praise  are  profound.  Recognition  tells  them  that 
the  group  will  do  all  it  can  to  help  thetn.  This  feeling  aids  in 
preventing  a  feeling  of  isolation  that  is  so  deadly  for 
motivation. 

Success.  There  is  never  so  dismal  a  feeling  as  that  of 
failure.  Research  has  shown  that  many  individuals  who 
seek  employment  in  the  art  of  robbing  banks  do  so  out  of  a 
feeling  of  failure,  more  so  than  for  the  money.  Suicides  can 
and  do  relate  directly  to  a  perceived  feeling  that  the  person 
has  failed.  Satisfying  the  need  for  success  is  very  important. 
People  have  little  reason  to  try  something  they  fear  they 
cannot  do.  A  feeling  of  inadequacy,  and  expectation  of  not 
being  able  to  succeed,  is  one  of  the  causes  of  deterioration 
in  motivation.  The  supervisors/trainers  can  help  by  building 
the  trainees'  confidence  in  themselves  by  being  supportive 
and  encouraging,  and  particularly  by  breaking  the  training 
tasks  and  job  assignments  down  into  pieces  which  the 
trainees  can  do.  Their  job  assignments  should  be 
meaningful  and  present  a  challenge,  gradually  increasing  in 
difficulty  and  paralleling  their  training  tasks.  You  might 
consider  posting  a  training  chart  in  the  section  in  order  to 
show  the  trainees  how  they  are  progressing.  If  they  can 
actually  see  that  they  are  successful  it  will  prompt  them  to 
try  still  harder. 

Self-esteem.  This  refers  to  the  need  to  view  ourselves 
favorably.  We  all  want  to  feel  adequate  and  confident  in  our 
ability  to  deal  satisfactorily  with  our  problems.  If  the 
trainees  experience  too  many  failures,  they  are  likely  to  lose 
confidence  in  themselves  and  their  ability.  Success,  on  the 
other  hand,  is  likely  to  cause  people  to  feel  adequate  and 
confident  in  their  ability  to  meet  any  situation,  thus  building 
self-esteem.  In  building  your  trainees'  self-esteem,  don't 
overdo  the  use  of  praise  to  the  extent  that  you  give  them  a 
false  sense  of  accomplishment. 

Motivation  creates  the  desire  to  learn  and  is  the  key  to  a 
successful  training  program.  As  supervisors/trainers  you 
must  use  all  the  techniques,  methods,  incentives,  and  ideas 
possible  to  create  this  desire  within  the  trainees.  You  must 
point  out  to  them  how  they  will  benefit  from  their  OJT,  how 
it  will  fulfill  their  needs,  and  how  it  fits  into  their  overall 
job. 

Exercises  (078): 

1 .  What  is  the  most  important  responsibility  you  have  as 
a  supervisor  or  trainer? 

2.  What  must  a  trainer  provide  to  stimulate  a  trainee  to 
take  action? 


3 .  What  aids  a  trainee  in  his  or  her  desire  to  ieam? 
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4.  How  can  supervisors/trainers  develop  motivation  in 
their  trainees? 


c.  A  supervisor  takes  a  newly  assigned  airman  to  the 
base  substation  and  explains  each  distribution 
circuit  and  where  it  goes  on  base. 


5.  List  the  appropriate  individual  need  for  each  of  the 
situations  described. 

a.  A  supervisor  posts  a  chart  showing  the  progress 
each  trainee  is  making. 


d.  The  trainer  shows  great  excitement  toward  the 
subject  and  is  eager  to  help  the  trainee. 


b.  The  trainer  praises  the  trainee  for  a  good  job. 


e.  An  award  is  presented  to  trainees  who  score  high 
on  their  examinations. 
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CHAPTER  4 


Safety  and  First  Aid 


AS  AN  ELECTRICIAN  in  the  Air  Force,  you  will  be  both  a 
craftsman  and  supervisor.  You  are  marked  as  a  craftsman 
by  the  excellence  of  your  work  and  also  by  the  safe  manner 
in  which  you  use  to  perform  your  skills.  If  you  are  a  master 
of  your  trade  you  will  seldom  get  hurt.  You  know  your  tools 
and  equipment  and  keep  them  in  proper  working  condition. 
You  understand  the  dangers  of  your  work  environment  and 
never  take  unnecessary  chances.  You  study  the  rules  of 
safety  and  have  the  wisdom  to  apply  them  as  you  work. 

As  a  supervisor  of  the  interior  electric  shop,  you  will  not 
only  be  responsible  for  your  own  action  but  also  for  those  of 
the  people  in  your  shop.  You  must  see  that  all  safety  rules 
and  procedures  are  followed.  The  base  safety  personnel 
know,  beyond  a  shadow  of  a  doubt,  that  unsafe  working 
habits  will  eventually  create  an  accident. 

Part  of  your  duties  will  be  to  see  that  your  people  know 
first  aid  procedures.  If  one  of  your  people  got  hurt,  would 
you  and  your  workers  know  what  to  do?  Could  this  pen;on 
be  properly  administered  first  aid?  Develop  in  your  mind 
the  attitude  of  following  and  obeying  safety  rules.  They 
were  developed  first  for  ycur  protection  and  second  for  the 
protection  of  the  equipment  you  operate.  In  this  chapter,  we 
will  cover  safety  and  first  aid  as  they  apply  to  you  as  an 
electrician. 

4-1.  Safety  Principles 

Accidents  are  usually  the  result  of  a  failure  to  think.  You 
must  think  safety  and  use  safe  procedures.  You  must  be 
aware  of  the  hazards  involved  in  your  work.  When  you  fail 
to  think  safety  and  practice  safety,  you  are  not  only  a  danger 
to  yourself  but  everyone  working  with  you.  One  moment  of 
carelessness  may  result  in  a  serious  injury  or  death. 
Therefore,  it  is  part  of  your  job  as  an  electrician  to  practice 
safety  at  all  times.  Our  goal  in  this  section,  then,  is  to 
present  information  that  will  cause  you  to  think  of  the 
hazards  and  their  causes  in  your  work  area  and  to  think  of 
the  action  to  take  for  protection  against  these  hazards  and 
their  causes, 

079.  State  the  objectives  of  Ground  Safety  and  the 
purpose  of  reporting  unsafe  conditions  and  accidents. 

Because  of  the  dangers  involved,  you  should  be  aware 
that  safe  and  intelligent  work  habits  are  as  important  as  a 
knowledge  of  electrical  equipment.  One  of  your  primary 
objectives  is  to  train  yourself  and  the  people  you  work  with 
to  recognize  and  correct  dangerous  conditions  and  to  avoid 
unsafe  acts. 

Most  accidents  can  be  prevented  if  everyone  cooperates 
to  eliminate  unsafe  acts  and  conditions.  Webster's  Third 
New  International  Dictionary  defines  the  word  **accident" 
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as  ""an  event  or  condition  occurring  by  chance  or  arising 
from  i^nknown  remote  causes.  This  definition  means  that 
with  adequate  foresight  most  accidents  can  be  prevented. 
Only  2  percent  of  all  accidents  are  caused  by  natural 
phenomena  such  as  lightning;  10  percent  are  caused  by 
physical  hazards;  and  88  percent  of  the  accidents  are  caused 
by  unsafe  acts  of  people,  as  shown  in  figure  4- 1 . 

Ground  Safety.  To  reduce  accidents  throughout  the  Air 
Force,  a  ground  safety  section  has  been  established  at  each 
Air  Force  base.  This  ground  safety  section  has  a  well- 
established  safety  program  in  effect  at  all  times.  You,  the 
supervisor  of  a  working  crew,  should  carry  out  to  the  fullest 
extent  possible  all  safety  policies  and  procedures.  This 
includes  both  those  of  the  ground  safety  section  and  those  of 
your  local  shop.  Be  sure  that  you  include  any  directives 
passed  on  to  you  through  safety  meetings.  The  ground 
safety  program  is  based  on  the  fact  that  most  accidents  can 
be  prevented  before  they  happen !  When  safety  is 
conscientiously  practiced,  injury  to  personnel  and 
equipment  will  be  at  a  minimum. 

Reporting  Unsafe  Conditions.  Each  person  has  a 
responsibility  to  report  unsafe  working  condition!..  You,  as 
a  supervisor,  receive  these  reports.  You  must  then  analyze 
the  reported  conditions  and  determine  the  proper  corrective 
action  to  eliminate  them.  Conditions  beyond  your  scope 
and  ability  to  handle  must  be  reported  to  your  boss  for 
inunediate  corrective  action. 

You  can  see  that  failure  to  carry  out  your  responsibilities 
in  safety  training  or  to  take  action  on  reports  of  unsafe 
conditions  can  result  in  inefficient  and  costly  operations.  In 
addition,  you  will  have  the  unpleasant  task  of  reporting  the 
accidents  that  are  bound  to  follow. 

Accident  Reporting.  Investigating  and  reporting 
accidents  serve  a  vital  function  in  the  overall  USAF 
accident  prevention  program.  All  MAJCOMs  are 
responsible  for  investigating  and  reporting  each  accident 
and  for  maintaining  a  followup  system  to  make  sure  that 
corrective  action  is  taken.  A  personal  report  must  be 
submitted  by  the  commander  of  any  subordinate  unit  that 
has  an  accident  that  causes  death,  serious  casualties,  or 
extensive  property  damage. 

It  should  be  noted  that  much  time  and  expense  is 
involved  in  investigating  and  reporting  accidents. 
Although  the  majority  of  accidents  are  of  a  minor  nature, 
they  involve  research  of  various  publications,  paperwork, 
and  followup  action.  Therefore,  instill  in  your  workers  the 
desire  to  think  before  they  make  a  move. 

Exercises  (079): 
1.  On  what  fact  is  a  ground  safety  program  based? 
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ACCIDENT  CAUSES 


Figure  4-1 .  Accident  causes. 


2.  What  is  the  objective  of  the  ground  safety  program? 


3.  Why  should  unsafe  conditions  be  reported? 


4.  Why  is  it  important  to  report  each  accident  and 
maintain  a  foUowup  system  on  accidents? 


080.  Specify  responsibilities  for  the  working  conditions 
and  daily  briefings  in  your  shop. 

Your  work  as  an  electrician  is  one  of  the  more  hazardous 
jobs  in  the  Air  Force.  At  times,  a  good  electrician  has  made 
only  on^-  mistake  on  the  job.  That  one  mistake  caused 
serious  injury  or,  in  some  cases,  ieath.  In  dealing  with  the 
voltages  that  are  common  to  your  job,  that  one  mistake 
could  be  your  last  one.  If  you  are  in  a  supervisory  position, 
you  have  added  responsibilities  for  making  sure  that  the 
people  who  work  for  you  are  tlioroughly  briefed  of  the 
dangers  involved.  In  every  job,  safety  should  be  stressed. 
Shop  safety  briefings  should  be  an  important  part  of  your 
job  as  an  electrician  and  supervisor. 

Supervisory  Responsibilities.  As  a  supervisor,  you  are 
ff*    ^nsible  for  certain  duties.  Some  of  these  duties  are: 
Maintaining  safe  working  conditions. 
Insuring  two  qualified  employees  are  working 
r  when  energized  circuits  of  any  amount  of  voltage 
/ed. 

nsuring  that  all  employees  understand  and  can 
.nister  artificial  respiration. 

.  Insuring  necessary  guards  and  protective  equipment 
used  and  their  proper  use. 


e.  Insuring  that  tools  and  equipment  are  properly 
maintained  and  used. 

/.  Planning  the  work  properly  and  seeing  that  it  is 
performed  in  a  safe  manner. 

Checking  application  of  general  and  special  safety 
instructions  by  your  employees. 

/i.  Assigning  employees  to  jobs  which  they  are  capable 
of  doing  safely. 

/.  Taking  immediate  action  to  correct  any  violation  of 
safety  rules  observed  or  reported  to  you. 

y.  Assisting  in  investigating  aii  accidents. 

You  are  also  responsible  for  seeing  that  work  under  your 
direction  is  done  in  a  safe  manner.  You  should  make  sure 
that  your  people  understand: 

( 1 )  The  work  to  be  done. 

(2)  The  hazards  that  may  be  encountered. 

(3)  The  proper  procedure  for  doing  the  work  safely. 

Daily  Briefings.  Safety  orientation  of  new  airmen  and 
employees  is  an  effective  tool  for  accident  prevention. 
Daily  briefings  should  be  given  to  new  workers  until  they 
arc  Uioroughly  familiar  with  the  hazards  in  their  working 
areas.  All  other  workers  should  have  a  safety  briefing  at 
least  once  a  week.  The  f^'lowing  guide  will  aid  you  in 
briefing  employees  about  the  work: 

a.  Check  work  area  for  hazards. 

c.  Check  job  print  or  sketch  with  employees. 

c.  Explain  why  tlie  job  is  to  be  done. 

d.  Point  out  existing  and  potential  hazards  and  discuss 
plans  to  control  them. 

e.  Explain  the  work  methods  to  be  used. 
/.  Assign  the  work  clearly  and  definitely. 

g.  Ask  for  questions  and  suggestions. 

h.  Make  sure  all  employees  fully  understand  their  work 
assignments. 

If  the  job  involves  special  hazards  or  if  there  is  any 
question  as  to  complete  understanding,  ask  the  employees 
to  repeat  their  work  assignments  and  the  work  methods  to 
be  used.  Repeat  any  directions  or  safety  precautions  that  do 
not  appear  to  be  crystal  clear  about  the  work. 

As  a  part  of  your  routine  duty,  you  should  make  frequent 
periodic  inspections  of  equipment,  materials,  work  areas, 
conditions,  and  methods.  Such  inspections  are  essential  to 
prevent  accidents. 

Exercises  (080): 

1 .  What  is  an  effective  tool  for  accident  prevention  when 
new  airmen  are  assigned? 


2.  Who  should  make  a  periodic  inspection  of  equipment, 
material s ,  work  areas ,  working  conditions ,  and 
methods  a  part  of  his  or  her  daily  routine? 
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3.  In  the  blank  provided  place  an  ''X"  if  the  statement 
indicates  one  of  your  responsibilities  for  working 
conditions  or  safety  briefings  in  your  shop.  Correct  the 
erroneous  statements. 

 a.  Insuring  that  necessary  guards  and  protective 

equipment  are  available . 

 b.  Assign  the  work  clearly  and  definitely. 

 c.  Explainthe  work  methods  to  be  used. 

 d.  Give  a  safety  briefing  on  only  the  most  dangerous 

jobs. 

 e.  Check  the  work  area  for  hazards. 

 f.  Don't  explain  why  the  job  is  to  be  done,  since  you 

are  the  boss  and  no  one  should  question  you. 
 g.  Insure  that  all  employees  understand  and  can 

administer  artificial  respiration. 

081.  State  safe  practices  to  use  H'hen  doing  electrical 
work. 

Electrical  Safety.  As  an  electrician,  one  of  the  major 
hazards  which  you  encounter  in  your  job  is  that  posed  by 
electricity.  We  shun  an  area  when  we  see  a  sign  reading: 
DANGER  HIGH  VOLTAGE.  Why?  Because  we  have 
heard  it  takes  high  voltage  to  kill  and  that  low  voltage  does 
not  kill.  This  is  not  true.  Many  people  have  been  killed 
when  they  came  into  contact  with  a  120- volt  house  circuit. 
Others  have  been  killed  by  lower  voltage.  Still  other  people 
have  experienced  shock  from  much  higher  voltages  and 
suffered  no  injury.  Since  you  never  know  what  your  body 
resistance  is,  avoid  contact  with  any  live  circuit.  When  your 
body  is  wet,  you  offer  less  resistance  to  electrical  shock 
than  when  you  are  dry.  Never  work  with  electricity  when 
your  body  is  wet,  such  as  when  you  have  been  sweating. 

Current  flow  through  the  human  body  is  actually  the 
cause  of  electric  shock.  Voltage  causes  the  current  to  flow 
through  the  body;  therefore,  you  are  more  likely  to  get  a 
fatal  shock  from  a  high-voltage  circuiv.  Some  authorities 
state  that  a  current  flow  of  100  milliamperes  (1/10  ampere) 
through  the  human  body  is  usually  fatal.  Electric  shock 
interferes  with  your  breathing  process  and  paralyzes  your 
muscles.  When  the  shock  is  great  enough,  you  lose 
consciousness  in  just  a  few  seconds. 

With  your  work  in  the  electrical  field,  you  must  be  fiilly 
aware  of  the  hazards  involved  when  working  with  electrical 
equipment.  In  fact,  the  more  you  know  about  electricity, 
the  safer  you  can  do  your  work.  The  rules  given  here  are  for 
your  own  safety  and  for  the  protection  of  the  people  who 
work  with  you.  You  should  study  them  carefully  until  you 
are  familiar  with  them.  You  must  practice  them  until  they 
become  second  nature  to  you.  Among  pilots  the  term  called 
**forgiven  error"  refers  to  a  mistake  which  did  not  result  in 
disaster.  This  term  can  well  be  applied  to  your  work  in  the 
electrical  field.  When  you  find  that  you  have  made  one  of 
these  forgiven  errors,  you  should  review  the  events  which 
led  you  to  make  this  mistake.  You  will  thus  find  the  source 
of  your  mistake  and  be  able  to  avoid  a  similar  situation  in 
the  future. 

Treat  all  electrical  circuits  as  being  live.  This  rule  must 
be  observed  in  all  cases,  except  when  you  open  the  switch. 


make  a  voltage  test,  and  know  that  the  line  is  dead.  In  the 
case  of  long  lines  which  are  opened  and  grounded  at  some 
distant  point,  an  inspection  or  test  must  always  be  made  to 
find  out  what  conditions  exist.  Remember  that  someone 
may  accidentally  close  the  wrong  breaker,  connecting  your 
circuit  to  high  voltage.  Furthermore,  to  keep  anyone  from 
accidentally  closing  the  breaker  to  a  circuit  which  is 
undergoing  repair,  the  breaker  should  be  locked  in  the  OFF 
position  and  tagged  to  indicate  that  the  system  is  being 
repaired.  A  few  general  rules  which  must  be  observed  in 
electrical  work  are  as  follows: 

a.  Do  not  wear  identification  tags  when  working  around 
electiical  machinery. 

Do  not  wear  jewelry  or  clothing  with  exiX)sed  metallic 
fasteners  when  working  around  batteries  or  elecvrical 
equipment. 

c.  Always  use  safety  tools  and  devices  wherever  they  are 
provided.  This  includes  the  following: 

•  Fuse  pullers  for  removing  or  replacing  fuses. 

•  Rubber  floor  mats  around  electrical  panels. 

•  Rubber  aprons  when  working  on  acid-type  batteries . 

•  Work  gloves  when  working  around  high-temperature 
equipment. 

•  Rubber  gloves  when   working  on  live  electrical 
circuits. 

Always  follow  safe  operating  procedures.  A  person 
must  never  work  alone  on  energized  electrical  circuits. 

e.  Don't  struggle  with  a  toolbox  or  an  item  which  is  too 
heavy  to  be  handled  conveniently. 

/.  Don't  clutter  your  work  area  with  unnecessary 
equipment.  If  you  do  not  intend  to  use  an  item,  store  it  in  a 
safe  place. 

g.  Always  use  the  right  tool  for  the  job. 

When  possible,  use  handtools  so  that  the  working 
force  is  always  directed  away  from  your  body.  This  will 
minimize  the  chances  of  injury  in  case  the  tool  should  slip. 

Never  put  your  hand  on  an  electrical  conductor  unless 
you  are  working  on  a  circuit  and  know  that  the  circuit  is 
dead.  Always  be  sure  that  the  switches  to  the  circuits  on 
which  you  are  working  are  locked  out  and  tagged. 

y.  Never  try  to  remove  a  person  or  a  tool  from  a  live 
circuit  with  your  hands  or  a  piece  of  material  which  may  be 
a  conductor.  Insulating  material,  such  as  a  shirt  or  piece  of 
dry  rope,  can  be  used  as  a  loop  to  pull  a  person  from  a  live 
circuit. 

k.  If  battery  acid  should  splash  on  you,  immediately 
flood  the  affected  part  by  washing  with  water.  In  cases 
involving  the  eye  or  face,  flush  thoroughly  and  immediately 
seek  medical  aid. 

Work  on  energized  circuits.  AFP  85-1  Electrical 
Facilities  Safe  Practices  Handbook,  specifically  states: 
**As  a  general  rule,  no  work  will  be  performed  on  energized 
electrical  circuits  or  equipment.  As  an  exception,  work  may 
be  performed  on  energized  circuits  to  prevent  possible 
injury  to  others,  or  where  critical  missions  will  be 
jeopardized  by  interruption  of  service."  If  it  becomes 
necessary  for  you  to  work  on  energized  circuits,  work  only 
with  other  fully  qualified  electricians.  Make  sure  you  have 
the  necessary  protective  equipment — rubber  gloves,  rubber 
blankets,  rubber  mats,  etc.  The  type  of  work  and  the 
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conditions  under  which  you  woric  determine  the  exact  type 
of  protective  equipment  to  use.  One  thing  you  must 
remember:  safety  equipment  can  become  defective,  so 
inspect  it  before  you  use  it.  A  small  crack  or  hole  may  make 
it  unsafe  for  use.  Do  your  job  dioroughly:  your  life  depends 
upon  your  thoroughness. 

Work  on  deenergized  circuits.  Deenergized  circuits  do 
not  present  as  great  a  hazard  as  do  energized  cirpuits. 
Nevertheless*  you  must  be  careful  and  observe  safety  rules. 
Make  sure  the  circuit  is  deenergized  by  opening  the  switch. 
In  some  cases  you  may  be  able  to  lock  the  switch  in  the 
OPEN  position.  Where  the  switch  cannot  be  locked, 
remove  the  fuses  and  attach  a  warning  sign  to  the  switch. 
Keep  in  mind  that  a  circuit  may  become  accidentally 
shorted  to  another  circuit.  For  this  reason,  test  the  circuit 
with  a  voltmeter  to  make  sure  it  isn't  shorted  and  still 
**hot."  You  cannot  afford  to  become  careless,  even  when 
working  on  a  **dead*'  circuit.  Never  lean  against  water 
pipes  or  other  grounded  devices  when  you  woik  on  any 
electric  circuit. 

Exercises  (081): 

1.  Under  what  body  condition  do  you  offer  less  resistance 
to  electric  shock? 


2.  Which  causes  electrical  shock,  voltage  or  current?  At 
what  minimal  amount? 


3.  How  must  all  unproven  circuits  be  treated? 


4.  Place  an  "X*'  beside  each  of  the  following  work 
practices  that  arc  NOT  safe. 

 a.  Always  wear  ID  tags  when  woricing  around 

electrical  machinery. 
^  b.  Remove  your  belt  if  it  has  a  metal  buckle  when 

working  around  live  circuits. 
 c.  Use  rubber  floor  mats  when  working  on  live 

electrical  panels. 
 d.  Woric  energized  circuits  alone  to  keep  others  out  of 

your  way. 

 e.  Get  help  when  lifting  heavy  equipment. 

 f.  Leave  tools  laying  around  only  while  doing  a  job. 

 g.  Use  a  screwdriver  for  its  intended  puipose  only . 

 h.  When  woricing  with  a  knife,  always  direct  the  blade 

away  from  your  body. 
 i.  You  can  put  your  hands  on  a  bare  conductor  after 

the  switch  is  locked  out  and  tagged. 
 j.  Remove  a  fellow  worker  from  a  live  circuit  any  way 

you  can. 

 k.  Flush  the  affected  parts  of  your  body  with  water  if 

battery  acid  is  splashed  on  you. 
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5.  What  articles  of  protective  equipment  are  necessary 
when  working  on  energized  circuits? 


6.  What  could  cause  a  **dead''  circuit  to  become  **hot" 
even  when  the  switch  is  off? 


082.  State  safe  clearance  switching  procedures  and  given 
statements  concerning  AF  Forms  267,  268,  269,  and 
1492,  associate  each  statement  with  the  correct  form. 

An  important  part  of  your  job  involves  the  safety 
supervision  of  electricians  working  on  energized  circuits. 
When  working  on  electrical  systems  the  locking  and 
tagging  of  switches  must  be  do'"'  under  the  direct 
supervision  of  a  responsible  person.  These  procedures 
involve  the  use  of  safe  clearance  forms.  As  an  electrician 
and  a  supervisor,  you  must  be  familiar  with  these  forms. 

Safe  Clearances.  Do  your  work  on  electric  circuits  and 
equipment  with  the  system  deenergized  whenever  possible. 
Follow  safe  clearance  procedures  to  deenergize  a  circuit, 
especially  when  it  involves  the  opening  or  closing  of  a 
switching  or  disconnecting  device  that  is  out  of  sight  from 
the  woiking  area.  Use  similar  procedures  when  service  to 
an  operating  activity  will  be  interrupted.  Safe  clearance 
procedures  are  the  responsibility  of  the  base  civil  engineer. 
You  should  follow  these  procedures  to  complete 
maintenance  on  lines  and  equipment  safely.  The  following 
information  concerning  the  forms  is  taken  from  AFP  85-1 
for  your  study  and  convenience. 

AF  Form  267,  Electrical  Danger  -  Men  at  Work,  (Red 
Tag).  This  form  is  used  in  connection  with  AF  Form  269, 
Electrical  Facilities  Safe  Clearance.  AF  Form  267  is  shown 
in  figure  4-2.  It  must  never  be  used  for  other  than  the 
protection  of  workers  working  under  a  safe  clearance. 

AF  Form  268,  Caution — ^Abnormal  Conditions  (Yellow 
Tag).  This  form  is  used  to  indicate  abnormal  operating 
conditions  of  line  or  equipment.  It  must  never  be  used  for 
the  protection  of  those  working  under  a  safe  clearance  but 
may  be  used  to  show  abnormal  conditions  brought  about  by 
a  safe  clearance.  For  example,  this  form  should  be  used  to 
tag  a  normally  open  switch  which  has  been  closed  to  tie  two 
circuits  together,  preparatory  to  taking  a  section  of  one  of 
the  circuits  out  of  service  on  a  safe  clearance.  Also, 
switches  on  the  distribution  system  which  are  normally 
open  and  must  remain  open  under  a  safe  clearance  will  be 
yellow  tagged.  This  form  is  shown  in  figure  4-3 . 

AF  Form  269,  Electrical  Facilities  Safe  Clearance.  This 
safe  clearance  form  must  be  used  to  control  and  record  all 
blocking  and  tagging  actions  performed  on  electrical 
circuits.  A  copy  of  this  form  is  shown  in  figure  4-4.  Use  the 
following  procedure  for  filling  out  the  AF  Form  269. 

a.  Record  number.  Assign  consecutive  numbers  from 
records  maintained  by  the  responsible  issuing  office. 

b.  Other  clearance  numbers.  If  more  than  one  safe 
clearance  (AF  Form  269)  is  to  be  issued  on  the  same  circuit 
or  equipment,  show  numbers  of  other  clearances  here. 
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ELECTRICAL  DANGER— MEN  AT  WORK         (Do  Not  Operate) 
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Figure  4-2.  AF  Form  267. 
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Figure  4-3.  AF  Form  268. 
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Figure  4-4,  AF  Form  269. 
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c.  Issued  by.  Fill  in  the  name  of  the  person  who  issues 
the  clear^jice,  the  time,  and  the  date  of  issuance. 

rf.  Name  of  employee  receiving  clearance.  Fill  in  the 
name  of  the  person  receiving  the  clearance.  Safe  clearances 
are  issued  only  to  employees  authorized  to  receive  them  by 
the  installation  electrical  supervisor,  who  maintains  a  list  of 
all  such  employees.  Generally,  only  one  safe  clearance 
form  may  be  issued  to  a  job,  and,  if  more  than  one  crew  is 
assigned  to  the  work,  the  holder  of  the  clearance  must  be 
responsible  for  all  the  crews.  When  necessary,  due  to  the 
distance  separating  the  various  crews  or  the  extent  of  the 
work,  as  many  safe  clearances  as  required  may  be  issued.  In 
such  cases,  the  installation  electrical  supervisor,  or  an 
employee  designated  by  the  supervisor,  will  act  as  general 
supervisor  of  the  job  and  will  issue  and  receive  releases  of 
all  the  clearances.  The  employee  receiving  a  clearance 
checks  all  blocking  and  tagging  and  makes  sure  that  all 
points  of  possible  feed  arc  open  on  all  phases  and  are 
properly  blocked  and  tagged.  Workers  will  not  be  required 
to  work  on  circuits  or  equipment  under  conditions  that  they 
consider  unsafe. 

e.  Line  or  equipment  involved.  Give  a  brief,  concise 
description  of  the  circuits  or  equipment  on  which  work  is  to 
be  performed.  This  information  may  be  filled  in  as  much  in 
advance  of  actual  time  of  issuance  as  required. 

/.  Details  of  blocking  and  tagging.  Blocking  is  defined  as 
the  placing  of  a  prime  mover  valve,  switch,  or  other  circuit 
opening  in  the  OPEN  or  CLOSED  position,  as  the  case  may 
be.  Blocking  insures  by  mechanical  means,  or  otherwise, 
that  tlie  position  of  the  device  will  not  be  changed 
accidentally.  Tags  are  applied  to  such  devices  to  make  sure 
that  their  positions  will  not  be  changed  by  unauthorized 
persons  as  long  as  equipment  or  circuits  are  blocked  out  and 
tagged  under  an  active  safe  clearance.  For  example,  a 
single-blade,  stick-operated,  disconnect  switch  which  has 
been  opened  cannot  ordinarily  be  mechanically  blocked 
open  but  is  red  tagged  on  each  phase.  It  is  then  considered 
to  be  blocked  open  by  the  presence  of  the  red  tags.  Gang- 
operated  switches  are  locked  open  and  a  single  red  tag 
applied  to  the  lock.  Likewise,  a  turbine  throttle  valve  must 
be  locked  in  the  closed  position  and  red  tagged.  Suitable  tag 
holders  of  insulating  materials,  designed  for  installation 
with  a  switch  stick,  are  provided  for  use  on  single*blade, 
stick-operated,  disconnect  switches;  fused  cutouts;  open 
jumpers;  and  similar  visible  line  breaks. 

Red  and  yellow  tags  (AF  Forms  267  and  268),  applied 
under  each  safe  clearance,  will  bear  the  safe  clearance 
number  and  the  name  of  the  person  to  whom  the  safe 
clearance  is  issued.  AF  Form  267  (red  tags)  shall  never  be 
used  except  for  the  protection  of  people  working  under  a 
safe  clearance.  AF  Forms  268  (yellow  tags)  are  used  in 
connection  with  a  safe  clearance  to  show  an  abnormal 
position  of  a  switch  or  other  device  (which  does  not  require 
a  red  tag)  and  to  insure  that  its  i>osition  will  not  be  changed. 
AF  Forms  268  (yellow  tags)  are  used  only  for  the  protection 
of  circuits  or  equipment  and  must  never  be  used  for  the 
protection  of  people  working  under  the  protection  of  a  safe 
clearance. 

Employees  who  received  safe  clearances  are  responsible 
for  filling  in  all  details  of  blocking,  switching,  and  tagging 
in  the  spaces  provided  on  the  form.  They  fill  in  the  spaces  in 
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advance  of  the  beginning  of  switching,  and  have  these 
details  checked  and  approved  by  their  supervisor.  These 
details  must  be  entered  in  their  proper  sequence,  reading 
down  on  the  form,  and  will  include  any  switch  moves 
necessary  to  transfer  load  or  put  other  equipment  into 
operation  before  deenergizing  the  circuits  or  equipment 
covered  by  the  safe  clearance  form. 

The  issuing  office  supervisor  makes  any  necessary 
arrangements  for  interruption  of  service  or  notifying  users. 
This  person  also  notifies  the  utility  company  supplying 
power  to  the  installation  prior  to  the  performance  of 
switching  which  may  affect  the  utility  company  system. 

g.  Time  applied.  The  installation  electrical  supei^^isor 
designates  a  switchperson  to  perform  the  switching, 
blocking,  and  tagging.  The  employee  who  is  to  receive  the 
clearance  may  be  authorized  to  perfonn  these  operations  at 
the  discretion  of  t' electrical  supervisor.  Fill  in  opposite 
each  detail  of  blocking,  switching,  and  tagging  the  actual 
time  each  detail  is  performed,  progressing  downward  in 
proper  sequence  on  the  form. 

h.  Released  by.  The  person  accepting  release  of  the 
clearance  fills  in  the  name  of  the  person  releasing  the 
clearance.  The  person  releasing  a  clearance  makes  sure  that 
all  people  and  temporary  grounds  are  clear  !  that  the 
circuit  or  equipment  is  ready  for  service. 

/.  Accepted  by.  The  person  accepting  icasc  of  the 
clearance  fills  in  his  or  her  name  and  t  ac  and  date  of 
release.  If  more  than  one  clearance  is  used  make  sure  that 
all  clearances  are  released  before  any  change  is  made  in  the 
blocking  or  tagging  which  would  affect  clearances  which 
have  not  been  released. 

y.  Time  removed.  If  blocking  and  tagging  have  been 
applied  for  more  than  one  clearance,  no  switching  shall  be 
performed  until  the  clearances,  with  numbers 
corresponding  to  the  numbers  on  all  red  tags  and/or  yellow 
tags  on  the  switch,  valve,  visible  line  break,  or  other  device 
of  blocking,  have  been  released.  When  releases  have  been 
received  for  all  clearances,  perform  switching  in  reverse 
order  from  that  in  which  it  was  applied.  Beginning  with  the 
last  detail  of  switching,  blocking,  and  tagging  applied, 
perform  the  opposite  operation,  progressing  upward  on  the 
form,  and  enter  the  time  each  operation  is  performed.  For 
instance,  if  a  detail  of  switching,  blocking,  and  tagging 
reads  "Switch  A  open  and  red  tagged,"  the  opposite 
operation  is  "Red  tags  removed  and  switch  A  closed.'' 

Danger  Tag,  AF  Form  1492,  This  form,  shown  in 
figure  4-5,  is  NOT  to  be  substituted  for  AF  Forms  267  or 
268.  As  stated  earlier,  these  forms  are  used  to  indicate 
changed  working  conditions,  AF  Form  1492  is  used  to  tag 
material  and  equipment  no  longer  safe  to  use  because  of 
defects,  abuse,  or  wear.  It  is  not  designed  or  intended  for 
use  in  reporting  minor  hazards  that  should  be  corrected  by 
the  responsible  supervisor. 

If  you  are  authorized  by  the  Commander  to  attaCh  the  tag 
to  a  hazardous  item,  you  will  be  responsible  for  completing 
parts  A  and  B  of  the  form.  Part  A  will  be  attached  to  the 
hazardous  item.  Remove  part  B  for  use  in  correcting  the 
condition.  It  should  be  noted  that  only  the  person  who 
issued  the  tag,  or  a  designated  representative  may  remove 
part  A  of  the  tag. 
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Figure  4-5.  AF  Form  1492.  banger.  Do  Not  Use  or  Operate. 
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Exercises  (082): 

1 .  Match  the  statement  in  column  B  lo  the  correct  form 
number  in  column  A. 


Column  A 

(1)  AFFonn267. 

.(2)  AF  Form  268. 

.(3)  AF  Form  269. 

.  (4)  AFForm  1492. 


Column  B 

a.  This  form  is  used  to  control  all 
blocking  and  tagging  performed 
on  electrical  circuits. 

b.  This  form  must  never  be  used 
for  other  than  the  protection  of 
personnel  working  under  a  safe 
clearance. 

c.  This  form  indicates  abnormal 
operating  conditions  of  a  circuit 
or  equipment. 

d.  This  form  is  used  to  tag  equip- 
ment no  longer  safe  to  use  be- 
cause of  defects,  abuse,  or 
wear. 


Who  is  responsible  for  notifying  users  when  service  is 
to  be  interrupted? 


3.  When  will  switching  be  done  if  blocking  and  tagging 
have  been  applied  for  more  than  one  clearance? 


4.  Who  is  responsible  for  safe  clearance  procedures? 


5.  Under  what  conditions  will  it  be  necessary  to  work 
under  unsafe  conditions? 


What  is  meant  by  blocking  in  reference  to  electrical 
circuits? 


7.  Why  are  tags  placed  on  blocked  switches? 


voltages  are  frequently  present.  This  work  is  often  done  in  a 
limited  space.  Among  the  hazards  of  this  work  are  electrical 
shock  and  electrical  iires — which  may  be  generated  by 
faulty  electrical  equipment — and  injuries  that  are  caused  by 
the  improper  use  of  tools  and  equipment. 

083.  From  a  list  of  practices  relative  to  the  general  use  of 
handtools,  identify  those  that  are  not  safety  practices. 


Handtools  Safety.  Poor  maintenance  and  the  improper 
use  of  common  handtools  result  in  many  accidents  which 
could  be  avoided  n  proper  safety  procedures  were  always 
followed.  This  objective  covers  safety  procedures  about 
handtools  in  general.  These  practices  are  as  follows: 

a.  Keep  tools  sharp. 

b.  Keep  tools  in  their  proper  places. 

c.  Replace  handles  that  become  splintered  or  loose. 

d»  Dress  mushroom  heads  on  cold  chisels,  punches,  drift 
pins,  etc. 

e.  Protect  the  edges  of  cutting  tools  with  a  sheath  or  by 
storing  them  separately  from  other  tools. 

/.  Select  a  box-end  wrench  or  a  socket  in  preference  to  an 
open-end  or  an  adjustable  wrench  as  the  former  are  less 
likely  to  slip.  To  help  prevent  slippage,  always  pull  the 
wrench  toward  you. 

g.  Wear  goggles  or  face  shields  when  there  is  a 
possibility  of  flying  chips,  sparks,  etc. 

h.  Hold  sniiall  items  that  you  are  working  on  in  a  vise. 

I.  Never  use  a  tool  for  anything  other  than  what  it  is 
intended  to  be  used  for:  i.e. ,  don't  use  a  hammer  handle  for 
pry  bar,  a  wrench  for  a  hammer,  a  knife  for  a  screwdriver, 
etc. 

y.  Use  screwdrivers  for  what  they  are  designed — to  drive 
and  remove  screws.  Keep  the  blades  ground  and  shaped 
properly  at  all  times.  Select  the  proper  type  and  size  of 
screwdriver  for  the  job.  Never  hold  an  object  in  one  hand 
while  working  on  it  with  a  screwdriver.  Place  it  in  a  vise. 

k.  Use  files  and  rasps  with  handles  that  are  designed  for 
them.  Without  the  proper  handle,  a  file  or  rasp  is  dangerous 
because  it  is  easy  for  the  tang  to  injure  the  palm  of  your 
hand. 

/.  Keep  chisels  and  punches  clean  and  sharp  because  it  is 
easy  for  a  dut!  or  dirty  tool  to  slip  and  injure  you. 


8.  What  is  marked  in  the  "Time  Applied"  column  of  AF 
Form  269,  Electrical  Facilities  Safe  Clearance? 


Exercises  (083): 

1.  Place  an  "X"  beside  those  of  the  following  which  are 
not  good  safety  practices  and  correct  the  statement. 


9.  Which  part  of  AF  Form  1492,  Danger  Tag  is  attached 
to  hazardous  equipment? 


4-2.  Tool  and  Equipment  Safety 

Safety  awareness  is  essential  to  an  electrician.  Yon  will 
install,  maintain,  and  repair  electrical  equipment  where  live 


a.  Use  a  screwdriver  as  a  wedge. 

.  b.  Use  a  box-end  wrench  in  preference  to  an  open-end 
wrench. 

.  c.  Store  all  cutting  tools  with  the  other  tools,  without 
sheaths . 

.  d.  Wear  goggles  when  drilling  a  hole  above  your 
head. 

.  e.  Hammer  a  rusted  pipe  union  with  a  pipe  wrench. 
.  f .  Keep  tools  sharp. 

.  g.  Sharpen  screwdriver  to  a  knife  edge  to  cut  wood. 
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084.  From  situations  indicating  safe  and  unsafe 
operation  of  electrical  power  tools,  distinguish  between 
the  safe  and  unsafe  practices. 

Each  year,  scores  of  workers  have  been  injured  on  the  job 
because  of  neglect  or  because  of  not  knowing  that  a 
dangerous  situation  existed.  Sgt  Eli  Enis,  an  electrician, 
was  using  a  grounded  drill  and  was  severely  injured  when 
he  fell  off  a  ladder  after  grabbing  a  moist  water  pipe  as  he 
was  drilling  a  hole  in  a  wall.  As  he  touched  the  pipe,  he 
received  a  severe  electrical  shock  that  passed  from  his  right 
hand,  through  his  body  near  his  heart,  and  to  his  left  hand 
which  contacted  the  pipe.  Although  the  voltage  was  only 
110,  the  jolt  frightened  him.  He  fell  sideways  on  a 
sawhorse,  and  the  body  of  tlie  drill  hit  him  on  the  shoulder. 
This  electrician  was  off  duty  for  3  weeks. 

A  110- volt  charge  of  electricity  is  dangerous,  especially 
when  you  are  working  on  damp  or  wet  pavements  and 
grounds.  It  can  kill  you,  so  be  aware  of  electrical  hazards 
and  precautions  as  you  use  electrical-powered  tools. 

Safe  Operation  of  Electrical  Power  Tools.  As  an 
electrician,  you  will  use  a  variety  of  tools  powered  by 
electricity  because  they  make  your  work  easier  and  because 
they  are  faster  and  more  efficient.  However,  because  of 
their  source  of  power,  they  can  be  hazardous  unless  you 
know  how  to  guard  against  the  hazards.  The  main  hazards 
arc  from  fire  and  shock  caused  from  improper  or  no 
grounding  and  from  cord  abuse. 

Fire  hazards.  Electric-powered  handtools  are  a  source  of 
ignition  for  a  fire  if  used  near  flammable  materials  or  in 
explosive  atmospheres,  unless  they  are  of  the  explosion 
proof  type.  You  must  be  aware  of  this  hazard  as  you  work  in 
areas  which  have  dust  and  fiimes. 

Improper  grounding.  When  you  use  power  tools,  check 
them  to  make  certain  that  they  have  three-wire  cords.  The 
extension  cord  must  also  have  three  wires  and  be  plugged 
into  a  grouiided  receptacle.  Figure  4-6  shows  how  a  drill 
motor  equipped  with  a  three-wire  cord  can  protect  the 
operator  by  providing  a  low-resistance  path  to  ground  for 
the  current  from  a  defective  tool.  It  also  shows  what  can 
happen  to  you  with  equipment  that  is  improperiy  grounded. 

Double-insulated  power  tools,  A  recent  development  in 
the  manufacture*  of  power  tools  has  precluded  the  necessity 
for  a  case  ground  (green)  wire,  three  prong  connection. 
These  tools  are  made  with  a  standard  two  prong  molded 
connector.  This  system  became  possible  through  the  use  of 
high-impact  plastic  suitable  for  tool  housings  or  cases  that 
will  not  conduct  electric  current.  Since  these  cases  are 
electrically  inert,  there  is  no  danger  of  a  live  wire 
contacting  the  case  and  causing  an  electrical  shock.  All 
exposed  metal  parts  of  the  tool  are  insulated  from  electrical 
power  by  high  impact  plastic  through  plastic  gears  or 
couplings.  As  these  new  tools  are  brought  into  the  supply 
system,  they  will  be  so  identified  so  as  not  to  require  a  case 
ground  connection. 

Cord  abuse.  It  is  important  to  protect  the  cord  on  your 
power  tools.  This  is  also  true  of  the  extension  cord.  The 
conductors  in  the  cord,  the  insulation  on  the  cord,  and  the 
plugs  must  be  protected  if  you  are  to  have  safe  operation. 
Scrapes,  kinks,  or  stretching,  as  well  as  grease  and  oil,  will 
damage  power  tool  cords  or  extension  cords.  Use  heavy 


duty  plugs  which  clamp  to  the  cord.  Do  NOT  jerk  the  cord 
to  unplug  from  a  receptacle.  Jerking  the  cord  can  break  the 
cord  wires  or  cause  the  connections  in  the  plug  to  become 
loose  and  may  cause  a  short  circuit. 

Precautions  you  must  take  when  you  use  electric  power 
tools  are  included  in  the  following  list: 

a.  Inspect  the  equipment,  especially  the  external  wiring, 
before  you  use  it. 

b.  Use  safety  glasses  or  face  shields  where  chips  or  dust 
could  fly  or  tools  could  break. 

c.  Do  not  wear  loose  gloves  or  loose  clothing  while  using 
rotating  equipment. 

d.  Exchange  accessories  with  the  power  off  and  the  cord 
unplugged.  Remove  guard  if  necessary. 

e.  The  guard  must  be  in  placed  before  starting  the  tool. 

/.  Do  not  wear  rings,  metal-rimmed  glasses,  watches,  or 
other  metallic  objects  when  working  with  electrical  tools. 

g.  If  you  use  equipment  in  damp  locations,  stand  on  a 
rubber  mat  and  wear  rubber  gloves. 

h.  Be  certain  the  tool  is  properly  grounded. 

I.  Check  the  operating  instructions  prior  to  operating 
electrical  tools.  On  large  equipment  these  instructions  are 
usually  located  on  a  data  plate  which  is  attached  to  the 
equipment.  On  smaller,  portable  equipment,  go  to  the 
manufacturer's  manual  to  find  instructions. 

y.  Operate  tools  in  accordance  with  manufacturer's 
instructions. 


Exercises  (084): 

1.  Identify  each  of  the  following  situations  as  '*S"  for 
safe  or  "U"  for  unsafe  procedures  for  electric- 
powered  tools.  Correct  the  unsafe  practices. 

 a.  Using  a  2-wire  extension  cord. 

 b.  Jerking  plug  from  receptacle. 

 c.  Ventilating  area  subject  to  petroleum  vapors. 

 d.  Operating  electric  motor  in  dust-filled  room. 

 e.  Using  a  heavy-duty  plug  which  clamps  to  cord. 

 f.  Tools  operated  on  1 10- volts  need  not  be  grounded. 

 g.  Read  operating  instructions  before  operating  an 

electric  tool. 

 h.  Never  operate  an  electric  tool  in  damp  locations 

without  protection. 

 i.  Inspect  equipment  before  you  use  it. 

 j.  Remove  jewelry  before  operating  electrical  tools. 


085.  Given  work  situations,  distinguish  between  those 
ihat  contribute  to  unsafe  use  of  power  equipment  and 
those  that  contribute  to  safe  use. 

Power  Equipment  Safety.  You  can  be  severely  injured 
by  coming  in  contact  with  moving  machine  parts.  Although 
the  Air  Force  has  prescribed  standards  for  safety  in  the  use 
of  machines,  you  must  use  commonsense  as  you  work  with 
and  around  power  equipment.  Since  machines  are 
developed  or  changed  frequently,  you  must  be  able  to  apply 
gjjnera!  safety  rules  to  specific  machines  or  specific  uses  of 
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DANGER  HOT 
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CHARGED  WITH  A  DANGEROUS 
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HOT  WIRE 


EQUIPMENT  GROUNDING 

Figure  4-^.  How  equipment  grounding  works. 
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power  machines.  Some  of  the  general  rules  that  apply  to 
equipment  safety  follow: 

a.  Do  not  wear  jewelry,  loose  clothing,  long  sleeves,  or 
gloves  while  operating  machinery. 

h.  Use  brushes  to  remove  chips  and  metal  particles.  Do 
not  use  your  hands . 

c.  Where  the  possibility  of  flying  particles  exists,  wear 
goggles  or  a  face  shield. 

ds  Do  not  remove  or  block  a  machine  guard  while  the 
machine  is  in  operation. 

e.  You  must  be  authorized  in  writing  before  you  can 
operate  a  machine. 

/.  Do  not  leave  machinery  operating  unattended. 

g.  Do  not  clean,  lubricate,  adjust,  or  maintain  machinery 
while  it  is  in  motion. 

h.  Operate  machines  within  recommended  speeds. 
/.  Inspect  a  machine  before  operating  it. 

j.  Electrically  operated  machines  will  be  grounded. 


Exercises  (085): 

1.  Place  an  "S"  before  each  of  the  following  statements 
which  indicates  good  safety  procedures.  Place  a  **U" 
before  each  statement  which  indicates  an  unsafe 
practice  and  correct  the  statement. 

 a.  Inspect  shop  machines  before  operating. 

 b.  Machines  operated  with  motors  of  less  than  2 

horsepower  require  no  ground. 
 c.  Brush  off  metal  cuttings  from  machines  with 

gloves. 

 d.  Use  a  face  shield  when  grinding  metal. 

 e.  To  facilitate  lubrication,  grease  a  machine  during 

operation. 

 f.  Remove  ring  and  wristwatch  before  operating  a 

machine. 

 g.  Do  not  leave  machine  operating  unattended  even 

for  5  minutes. 
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086.  Differentiate  between  safe  and  unsafe  lifting 
situations  and  sequence  lifting  steps  in  the  correct  order. 

In  your  day  to  day  jobs,  you  will  probably  have  to  move 
heavy  objects  from  one  place  to  another.  Knowing  the 
correct  procedures  in  lifting  a  heavy  ob  is  important  in 
order  to  prevent  injuries. 

Lifting  Heavy  or  Cumbersome  Loads.  When  you  must 
lift  a  heavy  or  bulky  object  from  the  floor,  remember  this 
advice:  USE  YOUR  LEGS— NOT  YOUR  BACK.  If  you 
arc  not  mindful  of  this  advice,  you  can  hurt  your  back.  A 
hurt  back  is  often  difficult  to  heal  and  can  keep  you  from 
taking  part  in  many  athletic  activities.  Figure  4-7,  lifting 
tips,  shows  the  way  you  should  lift.  Study  the  figure  and 
pay  particular  attention  to  the  feet,  legs,  and  back.  Lifting 
and  setting  down  arc  the  first  and  last  movements 
performed  in  handling  materials.  When  done  by  hand,  it  is 
during  these  movements  that  most  strains  occur.  It  is 
important  that  you  follow  these  basic  lifting  techniques  to 
reduce  the  possibility  of  injury: 

a.  Consider  the  size,  weight,  and  shape  of  the  object  to 
be  carried.  Do  not  lift  more  than  you  can  handle 
comfortably.  If  necessary,  get  help. 

b.  Set  feet  solidly  with  one  foot  slightly  ahead  of  the 
other  for  increased  stability.  Place  the  feet  far  enough  apart 
to  give  good  balance. 

c.  Get  as  close  to  the  load  as  possible.  Bend  legs  about 
at  the  knees.  Crouch,  do  not  squat.  It  takes  about  twice 

as  much  effort  to  get  up  firom  a  squat. 

d.  Keep  the  back  as  straight  as  possible.  It  need  not  be 
vertical,  but  it  should  not  be  arched.  Bend  at  the  hips,  not 
the  middle  of  the  back. 


LIFT  THIS  WAY 

1.  Check  weight  and  slse. 

A  bulky,  awkward  load  can 
cause  more  strain  than  a 
compact  heavier  one. 

2.  Plant  your  feet  firmly*  well 
apart,  and  squat  down. 

3.  Watch  out  for  sharp  edges. 
Get  a  good  grip. 

4.  Keep  your  back  as  straight  as 
you  can.   Lift  slowly  (don*t 
jerk)  by  pushing  up  with  your 
legs. 

5.  DonH  twist  your  body  with  the 
load.   Shift  your  feet 
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Figure  4-7.  Lifting  tips. 
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e.  Grip  the  object  firmly.  Maintain  the  grip  while  lifting 
and  carrying. 

/.  Straighten  the  legs  to  lift  the  object  and,  at  the  same 
time,  bring  the  back  to  a  vertical  position. 

Never  carry  a  load  that  you  cannot  sec  over  or  around. 
Make  sure  the  path  of  travel  is  clear. 

A.  Setdng  down  an  object  requires  Jiat  you  follow  the 
reverse  procedures. 

Exercises  (086): 

1.  Mark  the  following  situation  ''S"  (safe)  or  •'U" 
(unsafe),  and  state  how  to  make  the  unsafe  situations 
safe. 

 a.  Lifting  a  10  feet  long  bundle  of  conduit  with  a 

helper. 


b.  Lifting  an  object  4  feet  in  diameter  that  weighs  45 
pounds  by  yourself. 


c.  Lifting  a  tool  box  weighing  10  pounds  by  bending 
at  the  waist. 


d.  Lifting  a  roll  of  wire  (94  pounds)  by  yourself. 


2.  In  the  space  provided,  arrange  the  following  steps  for 
lifting  a  heavy  load  in  the  proper  sequence. 

a.  Keep  your  back  straight. 

b.  Sqvatdown. 

c.  Check  weight  and  size. 

d.  Plant  your  feet  well  apan. 

e.  Lift  slowly  by  pushing  up  with  your  legs. 


087.  Associate  the  types  of  ladders  with  their  proper  use. 

Selection  of  Ladders.  Much  of  the  work  you  do  will 
have  to  be  done  from  a  ladder.  Serious  accidents  have  been 
caused  by  electricians  who  use  ladders  improperly.  It  is 
important  for  you  to  know  the  right  type  of  ladder  for  the 
job.  The  most  common  types  of  ladders  that  you  will  be 
using  are  the  single  ladder,  extension  ladder,  and 
stepladder. 

Single  ladder.  The  single  ladder  used  by  the  electrician 
consists  of  two  side  rails  firom  8  to  26  feet  in  length,  with 
rungs  spaced  1  foot  apart.  A  good  single  ladder  will  support 
up  to  500  pounds.  The  size  of  a  ladder  is  determined  by  its 
overall  length.  Figure  4-8  shows  a  typical  single  wooden 
ladder. 
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Column  A 


Column  B 


LADDER  WIDER 
AT  BASE  THAN 


-SIDE  RAIL 


'RUNG 


AT  TOP 


^SAFETY  SHOES 


CBH-053A 


Figure  4-8.  The  single  ladder. 

Extension  ladder.  The  extension  ladder  (sec  fig.  4-9) 
consists  of  two  or  more  sections.  These  sections  overlap 
and  are  extended  by  pulling  on  an  attached  rope.  They  are 
available  in  lengths  up  to  60  ieet.  Extension  ladders  are 
required  by  the  electrician  to  do  work  of  short  duration, 
such  as  changing  lamps,  checking  circuits,  or  getting  onto  a 
roof. 

Stepladder.  A  stepladder  is  self-supporting  (see  fig.  4- 
10).  This  ladder  can  be  used  effectively  as  a  portable  work 
platform  because  it  has  wide  rungs  to  make  it  easier  to  stand 
on  for  long  periods  of  time.  The  most  common  size  you  will 
use  is  the  6-foot  stepladder,  but  they  are  available  in  sizes 
up  to  16  feet. 


Exercises  (087): 

1 .  Match  the  uses  of  ladders  listed  in  column  A  with  the 
type  of  ladder  in  column  B. 


Column  A 

.  (1)  Used  to  get  onto  a  flat  roof 
that  is  30  feet  high. 

.  (2)  Used  in  the  middle  of  a 
room.  Electrician 


a. 
b. 
c. 


Column  B 

Single  ladder. 
Stepladder. 
Extension  ladder. 


removes  a  panel  from  a 
9-foot  ceiling  to  get  to  a 
circuit. 

.  (3)  Used  to  get  onto  a  roof  10 
feet  high. 

.  (4)  Used  for  a  job  requiring 
you  to  work  for  several 
hours.  Your  reach  must 
extend  2  feet  more  than  it 
can  when  you  are 
standing  at  ground  level. 


088.  Distinguish  between  proper  and  improper  ladder 
raising  techniques. 

Ladder  Erection.  Raise  a  straight  ladder  by  placing  the 
base  of  the  ladder  (wide  end)  against  the  foundation  of  the 
structure.  Lift  the  top  and  wall,  under  the  ladder  toward  the 
bottom  end,  grasping  and  raising  the  ladder  rung  by  rung  as 
you  proceed.  When  the  ladder  is  perpendicular,  pull  the 
bottom  out  from  the  building  to  a  distance  of  one-fourth  its 
length,  as  shown  in  figure  4-9.  If  you  must  get  on  top  of  the 
building,  the  ladder  should  extend  at  least  36  inches  above 
theeave,  (see  fig.  4-1 1). 


WALL  OF  STRUCTURE 


GROU 


OF 


LENGTH 
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Figure  4-9.  Extension  ladder. 


LOCKING 
SPREADER 


BRACES 


CBH  -052 


Figure  4-10.  SteplacJder. 

With  the  extension  ladder  collapsed,  position  it  in  the 
same  manner  as  the  straight  ladder.  After  the  ladder  is 
against  the  structure,  extend  the  sections  by  the  means 
provided  until  the  ladder  reaches  the  necessary  height. 

To  put  up  a  stepladder,  spread  the  back  legs  away  from 
the  front  legs  until  the  locking  device  locks.  This  locking 
device  keeps  the  legs  from  collapsing  when  weight  is  placed 
on  the  ladder. 

Exercises  (088): 

1 .  Writes  **Yes"  before  each  of  the  following  statements 
that  indicate  the  proper  ladder  raising  technique  and 
**No**  before  each  that  indicates  improper  technique. 
Correct  the  improper  techniques. 


NOTE:  LADDER  SHOULD  EXTEND  AT  LEAST  30" 
ABOVE   BUILDING  OR  PLATFORM 


CBH  -0  45 


Figure  4- J 1 .  Correct  ladder  height. 


a.  The  top  of  a  20-foot  ladder  extends  4  feet  above  the 
roof.  The  base  of  the  ladder  is  4  feet  from  the 
foundation. 


.  b.  The  top  of  a  10-foot  ladder  extends  36  inches  above 
the  eave. 


.  c.  Extend  an  extension  ladder  on  the  ground  before 
raising  it. 


d.  Spread  a  stepladder  until  the  legs  lock  in  position. 


.  e.  Place  the  bottom  of  a  straight  ladder  against  a 
foundation  to  raise  it. 


2.  What  part  of  a  straight  ladder  do  you  grasp  with  your 
hands  when  you  erect  it? 


089.  Identify  selected  situations  with  the  appropriate 
ladder  safety  precaution. 

Ladder  Safety.  Observe  safety  precautions  when  using 
ladders. 

a.  Always  inspect  a  ladder  before  using  it. 

b.  Before  climbing  a  ladder,  be  sure  that  both  rails  rest 
on  solid  footing. 

c.  Equip  the  ladder  side  rails  with  safety  shoes  (see  fig. 
4-12).  This  is  especially  necessary  when  you  use  the  ladder 
on  surfaces  that  would  permit  the  ladder  to  slip. 

d.  Under  no  circumstances  would  you  use  stepladders  as 
substitutes  for  workbenches. 

e.  When  you  go  up  or  come  down  a  ladder,  face  the 
ladder  and  hold  on  to  each  side  rail. 


SAFETY  SHOES 

Figure  4-12.  Ladder  safety  shoes. 
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/.  When  the  security  of  a  ladder  is  endangered  by  other 
activities,  rope  off  the  area  around  it,  fasten  it  securely,  and 
assign  someone  to  steady  the  bottom. 

g.  When  you  use  a  ladder  in  front  of  a  door,  lock  the 
door  or  block  off  the  door  and  route  personnel  to  another 
exit. 

h.  Never  leave  a  ladder  unattended  for  any  length  of  time 
while  it  is  erected — take  it  down  and  lay  it  on  the  ground. 

I.  When  working  from  an  extension  ladder,  stand  no 
higher  than  the  third  rung  from  the  top  and  do  not  attempt  to 
reach  beyond  a  normal  arm*s  length. 

J.  If  yDu  need  help  to  do  the  work,  have  your  helper  get 
another  ladder — don't  allow  anyone  on  the  ladder  with  you. 

k.  Never  climb  a  ladder  while  using  both  hands  to  hold 
material;  at  least  one  hand  must  be  used  while  climbing  or 
descending  a  ladder. 

/.  Never  place  either  the  top  or  bottom  of  a  ladder  against 
unstable  material. 

m.  Before  climbing  a  stepladder,  be  sure  it  is  fully  open 
aiid  locked  and  that  all  four  legs  are  on  solid  footing. 

n.  Do  not  leave  tools  on  the  top  of  a  stepladder  unless  it 
is  equipped  with  a  special  holder. 

o.  Do  not  stand  on  either  of  the  top  two  steps  of  a 
stepladder. 

p.  Never  use  metal  ladders  where  there  is  a  possibility  of 
coming  in  contact  with  electric  current. 

q.  Get  help  when  erecting  long,  heavy  ladders. 

Exercises  (089): 

1 .  Match  each  of  the  following  situations  in  column  B 
with  the  applicable  safety  precaution  in  the  column  A. 


Column  A 
Safely  Precaution 

(1)  Safety  shoes. 

(2)  Do  not  stand  on  two  top 
steps. 

(3)  Rope  off  the  area. 

(4)  Do  not  use  near  electrical 
apparatus. 

(5)  Stand  no  higher  than  third 
rung  from  top. 

(6)  Face  the  ladder  and  use 
both  side  rails. 

(7)  Be  sure  locking  device  is 
locked. 


Column  B 
Situation 

a.  Climbing  a  ladder. 

b.  Working  from  an  extension 
ladder. 

c.  Before  climbing  a 
stepladder. 

d.  Using  stepladder. 

e.  Be  sure  ladder  rails  are 
equipped  with  these  before 
climbing. 

f .  Use  metal  ladder. 

g.  Ladder  placed  in  area  of  oth- 
er  activities. 


090.  From  a  list  of  presumed  safety  precautions  related 
to  handling  chemicals  or  chemical  solutions,  distinguish 
between  safe  and  unsafe  precautions. 

Chemicals  and  Chemical  Solutions.  The  types  of 
chemicals  with  which  you  will  most  likely  be  concerned  are 
those  used  for  storage  batteries.  The  chemicals  are  used  as 
electrolyte  for  the  batteries.  The  two  you  may  come  in 
contact  with  are  sulfuric  acid,  used  in  lead-acid  batteries, 
and  potassium  hydroxide,  used  in  the  nickel-cadmium 
batteries. 

Sulfuric  acid.  The  first  precaution  to  observe  in  working 
with  acids  is  the  process  of  mixing  them.  The  proper  mixing 


procedure  is  always  to  add  the  acid  to  the  water.  Pouring 
small  amounts  of  acid  into  a  larger  volume  of  water  allows 
adequate  cooling  of  the  mixture.  If  this  mixing  procedure  is 
reversed  by  pouring  water  into  the  acid,  a  violent  reaction 
may  occur  and  acid  may  be  splashed  over  a  wide  area. 

Sulphuric  acid  is  dangerous  to  any  part  of  your  body, 
especially  to  your  eyes.  In  the  event  of  any  contamination, 
the  affected  area  must  be  flushed  immediately  with  a 
solution  of  bicarbonate  of  soda  and  water.  If  the  eyes 
become  contaminated,  immediately  flushing  with  large 
volumes  of  water  is  important,  and  expert  medical  aid 
should  be  obtained  at  once.  Sulphuric  acid  will  also  damage 
clothing,  shoes,  or  just  about  anything  with  which  it  comes 
in  contact.  One  more  hazard  of  this  unpleasant  material  is 
its  possible  explosion  hazard.  When  a  battery  containing 
sulphuric  acid  is  being  charged,  a  quantity  of  hydrogen  gas 
is  given  off.  This  hydrogen  gas  is  highly  explosive.  For  this 
reason,  battery  rooms  or  other  battery  charging  areas  must 
always  be  considered  as  a  no  smoking  areas. 

Potassium  hydroxide.  This  is  not  an  acid,  but  its  use 
requires  the  observance  of  certain  safety  precautions. 
Potassium  hydroxide  (KOH)  is  very  dangerous  to  the  skin 
and  eyes.  It  destroys  tissues  and  causes  severe  bums. 
Breathing  the  vapors  may  result  in  injury  to  the  respiratory 
system.  Some  safety  precautions  that  you  must  observe  in 
handling  any  battery  electrolyte  are  listed  as  follows: 

•  Always   wear  full   protective   clothing,  including 
gastight  goggles. 

•  Use     safety     showers     and    eyewash  fountains 
immediately  upon  contamination. 

•  Neutralize  and  flush  all  contaminated  areas  and 
equipment. 

•  Keep  all  battery  areas  well  ventilated  and  do  not 
breathe  vapors  from  batteries. 

•  Treat  lead-acid  type  battery  areas  as  no  smoking  areas. 

Exercises  (090): 

I.  If  the  following  precautions  are  safe,  place  an  ''S**  in 
the  blank  space.  If  they  are  unsafe  use  a  "U"  and 
correct  them. 

 a.  Use    full    protective    clothing    when  handling 

electrolyte. 

 a.  Medical  aid  is  not  needed  if  eyes  are  flushed  with 

water  after  being  contaminated. 
 c.  Ventilation     is     unnecessary     for  potassium 

hydroxide. 

 d.  The  proper  mixing  procedure  for  mixing  acids  is 

always  to  add  the  acid  to  the  water. 
 e.  Treat  lead-acid-type  battery  areas  as  no  smoking 

areas. 


091.  Match  types  r  ilammable  material  with  the  classes 
of  fire,  and  state  the  extinguishing  agent  to  use  on 
various  types  of  fires. 

Fire  Prevention.  Although  firefighting  is  the  prime 
responsibility  of  the  fire  department,  it  is  your  job  to 
prevent  fires  and  to  help  put  them  out  if  they  do  start. 
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Good  housekeeping  is  essential  in  the  prevention  of  fires. 
If  you  let  trash,  waste,  dust,  and  other  residue  build  up, 
they  become  a  source  of  fire.  Oily  rags,  for  example,  can 
ignite  by  spontaneous  combustion.  You  can  prevent  fires  of 
this  type  by  storing  oily  rags  in  a  metal  container  with  a  lid 
(see  fig.  4-13). 

Another  serious  fire  hazard  is  the  accumulation  of  fuel 
vapors,  gases,  paint  vapors,  and  other  items  of  this  nature. 
To  eliminate  this  type  of  hazard,  keep  your  shop  clean  and 
well  ventilated.  Prevent  fires  whenever  you  can,  but  also 
know  something  about  the  four  classes  of  fires  and 
something  about  how  to  fight  them. 

Classes  of  Fires.  You  can  put  out  fires  in  each  of  the  four 
classes  by  the  use  of  a  particular  action  or  extinguishing 
agent.  Some  fire  extinguishers  do  not  work  well  on  all 
classes  of  fires.  Water,  for  example,  may  cause  an  oil  fire  to 
spread  rather  than  put  out  the  fire. 

Class  A  fires.  Class  A  fires  are  those  occurring  in  wood, 
clothing,  paper,  rags,  and  other  items  of  this  type.  This  type 
of  fire  can  usually  be  put  out  with  water.  Water  provides  the 
cooling  and  quenching  effect  necessary  to  extinguish  class 
A  fires.  You  may  also  use  the  soda-acid  type  extinguisher 
on  this  class  of  fire.  Another  type  of  extinguisher  you  can 
use  on  class  A  fires  is  the  foam  type.  You  may  also  use 
foam  on  class  B  fires. 

Class  B  fires.  Class  B  fires  are  those  occurring  in 
flammable  liquids  such  as  gasoline,  fuel  oil,  lube  o.!, 
grease,  paints,  etc.  The  agents  required  to  put  out  this  type 
of  fire  are  those  which  will  blanket  the  surface  of  the  fire. 
This  action  creates  a  smothering  effect.  The  types  of  fire 
extinguishers  for  use  on  class  B  vires  are  foam,  carbon 
dioxide  (COj),  and  dry  chemical.  The  dry  chemical  units 
contain  a  dry  powder,  usually  sodium  bicarbonate,  and  an 


activating  agent  of  CO^  or  nitrogen  gas.  The  dry  chemical 
extinguisher  is  also  used  on  class  C  and  D  fires. 

Class  C  fires.  The  class  C  fires  are  fires  in  electrical 
equipment  and  facilities.  The  extinguishing  agent  for  this 
type  of  fire  must  be  a  nonconductor  of  electricity  and  must 
provide  a  smothering  effect.  The  dry  chemical  extinguisher 
is  used  for  this  purpose. 

Class  D  fires.  The  class  D  fires  occur  in  combustible 
metals  such  as  magnesium,  potassium,  powdered 
aluminum,  zinc,  sodium,  titanium,  zirconium,  and  lithium. 
The  extinguishing  agent  for  this  type  cf  fire  must  be  a  dry- 
powdered  compound  which  creates  a  smothering  effect. 

If  you  discover  a  fire,  you  should  take  certain  actions. 
First,  sound  the  alarm  and  alert  all  personnel.  Second,  you 
must  call  the  base  fire  department  and  give  exact  directions 
to  the  location  of  the  fire.  You  should  take  these  first  two 
actions  quickly.  Then,  the  personnel  in  the  area  should 
apply  the  most  effective  means  available  to  put  out  or  to 
contain  the  fire.  When  assigned  to  a  new  shop,  you  should 
find  the  fire  extinguisher  in  the  area.  Also  find  out  what 
types  of  extinguishers  are  available  and  how  to  operate 
them.  This  information  is  usually  printed  on  the  fire 
extinguisher. 

Exercises  (091): 

1 .  Match  the  class  of  fire  in  column  B  with  the  flammable 
material  in  column  A  by  placing  the  letter  in  the 
appropriate  blank. 


Column  A 

(1)  Magnesium. 

(2)  Electrical  equipment. 

(3)  Paper  and  raps. 
Gasoline  anu  e;rease. 


Column  B 

a.  Class  A. 

b.  Class  B. 

c.  Class  C. 

d.  Class  D. 


AVOID  FIRES 

KEEP  OILY  RAGS  AND 
WASTE  IN  COVERED 
METAL  CONTAINERS 


Figure  4-13,  Fire  prevention  at  work. 


Name  three  types  of  extinguishing  agents  that  are  used 
on  paper  and  wood  fires. 


What  three  types  of  extinguishers  are  used  on  gasoline 
and  oil  fires? 


4.  What  type  extinguisher  is  used  on  electrical  fires? 


4-3.  First  Aid 

Of  all  the  different  tasks  or  jobs  that  you  perform, 
knowing  and  being  able  to  apply  first  aid  procedures  is  one 
of  the  most  important.  In  this  section  we  will  talk  about  the 
first  aid  you  should  know.  This  will  include  artificial 
resuscitation,  closed  chest  cardiac  message,  bleeding, 
protecting  and  treating  wounds,  heat  exhaustion,  and 
shock.  This  section  is  not  intended  to  qualify  you  as  a 
doctor  or  a  medical  person,  but  it  may  help  you  save  a  life. 
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092.  State  methods  of  artiricial  resuscitation  and  clarify 
rationales  related  to  each  procedures. 

Artificial  respiration  is  a  procedure  used  to  cause  air  to 
flow  into  and  out  of  the  lungs  of  a  person  when  natural 
breathing  is  inadequate  or  when  it  has  stopped.  Artificial 
resuscitation  is  used  when  a  person  has  stopped  breathing  or 
when  breathing  is  inadequate  to  sustain  life.  There  are 
many  ways  to  apply  artificial  respiration.  Earlier  methods 
included  rolling  the  victim  over  a  barrel,  inverting  the 
victim  by  suspension  by  the  feet,  and  beating  the  victim 
with  a  whip.  Believe  it  or  not  one  method  involved  applying 
heat  to  a  victim's  chest  by  building  a  fire  on  the  stomach. 
Fortunately,  modem  methods  have  replaced  these  primitive 
procedures.  The  most  effective  method  and  the  one  used  by 
the  Air  Force  is  the  mouth-to-mouth  resuscitation  method. 

Mouth -to-Mouth  Method.  This  method  of  artificial 
respiration  has  been  proven  the  most  effective.  This  method 
is  simpler  and  saves  more  lives.  This  method  works  because 
normally  you  take  only  one-quarter  of  the  oxygen  out  of  the 
air  that  you  breathe,  leaving  the  rest  for  the  victim. 

Time  is  of  prime  importance.  Resuscitation  must  be 
started  at  once  if  the  person  is  not  breathing.  Use  the 
following  steps  for  giving  mouth-to-mouth  resuscitation. 

(1)  Place  the  victim  face  up.  Do  not  put  anything  under 
the  head,  as  it  may  flex  the  neck,  causing  the  air  passages  to 
be  blocked. 

(2)  Quickly  clear  the  mouth  of  any  foreign  matter  by 
running  your  fingers  behind  the  lower  teeth  and  over  the 
back  of  the  tongue.  Wipe  out  any  fluid,  vomitus,  or  mucus 
(see  fig.  4-14).  This  cleaning  should  not  take  more  than  a 
second  or  two,  since  little  time  should  be  lost  in  getting  air 
into  the  victim's  lungs. 

(3)  If  available  (do  not  waste  time  looking  for  these 
materials),  place  a  rolled  blanket  or  some  other  similar 
material  under  the  victim's  shoulders  so  that  the  head  will 
drop  backward.  Tilt  the  head  back  so  that  the  neck  is 
stretched  and  the  head  is  in  the  "chin-up"  position  (see  fig. 
4-15).  This  will  aline  the  air  passages  so  that  they  do  not 
become  blocked  by  kinking  or  pressure.  At  this  point,  you 
should  check  the  victim's  breathing.  The  victim  may  have 
started  breathing  when  you  tilted  the  head.  This  may  be 
done  by  placing  your  ear  over  the  victim's  mouth  and  nose. 
Look  for  the  chest  to  rise  and  fall.  Listen  for  air  and  feel  for 


Figure  4-15.  Open  air  passage. 


flow  of  air  on  your  cheek.  If  the  victim  is  not  breathing  go 
to  the  nexr  step. 

(4)  Pla  :e  your  thumb  into  the  comer  of  the  mouth  and 
grasp  the  lower  jaw  firmly.  Lift  the  lower  jaw  foward  to 
pull  the  tongue  forward  out  of  the  air  passage.  Do  not 
attempt  to  hold  or  depress  the  tongue. 

(5)  Pinch  the  nose  shut  with  your  other  hand  to  prevent 
air  leakage. 

(6)  Take  a  deep  breath  and  open  your  mouth  wide.  Seal 
your  mouth  around  the  victim's  mouth  and  your  thumb,  and 
blow  forcefully  (except  for  infants  and  small  children)  into 
the  mouth  until  you  see  the  chest  rise  (see  fig.  4-16).  This 
is  done  to  resupply  the  lungs  with  oxygen.  If  the  chest  does 
not  rise,  hold  the  jaw  up  more  forcefully  and  blow  harder 
while  making  sure  there  is  no  blockage  of  the  air  passage 
and  no  air  leakage  around  the  mouth  or  nose. 

(7)  Stop  blowing  when  the  chest  rises  and  quickly 
remove  your  mouth  from  the  victim's  mouth.  Take  another 
deep  breath  while  listening  for  exhalation.  If  exhalation  is 
noisy,  elevate  the  jaw  further. 

(8)  When  exhalation  is  finished,  blow  in  the  next  deep 
breath.  The  first  3  to  4  breaths  must  be  deep  (except  for 
infants  and  small  children)  and  given  at  a  rapid  rate  in  order 
to  provide  rapid  reoxyge nation.  Thereafter,  continue 
breathing  at  a  rate  of  12  to  20  times  a  minute. 

CAUTION:  Excessively  deep  and  rapid  breathing  may 
cause  you  to  become  faint,  to  tingle,  and  even  to  lose 
consciousness.  Therefore,  after  the  first  3  to  4  breaths, 
adjust  your  breathing  to  a  rate  of  12  to  20  times  a  minute 


with  only  a  moderate  increase  in  normal  volume.  In  this 
way  rescue  breathing  can  be  continued  for  long  periods 
without  fatigue. 

(9)  After  perfomiing  rescue  breathing  for  a  period  of 
time,  you  may  notice  that  the  victim's  stomach  is  bulging. 
This  is  due  to  air  being  blown  into  the  stomach  instead  of 
the  lungs.  Although  an  inflation  of  the  stomach  is  not 
dangerous,  it  makes  inflation  of  the  lungs  more  difficult. 
Therefore,  when  you  see  the  stomach  bulging  to  a  marked 
degree,  apply  gentle  pressure  to  the  stomach  with  your  hand 
between  inflations. 

(10)  As  soon  as  artifical  respiration  has  been  started  and 
while  it  is  being  continued,  an  assistant  should  loosen  any 
tight  clothing  about  the  casualty's  neck,  chest,  or  waist. 
KEEP  THE  VICTIM  WARM. 

(11)  Continue  artificial  respiration  without  interruption 
until  natural  breathing  is  restored  or  until  a  physician 
declares  that  the  patient  is  dead. 

( 12)  To  avoid  strain  on  the  heart  when  the  victim  revives, 
keep  the  victim  lying  down.  Keep  the  victim  warm,  give 
the  victim  a  warm  drink,  such  as  coffee  or  tea. 

(13)  Watch  the  patient.  A  brief  return  of  natural 
respiration  is  not  a  sure  indication  for  stopping  the 
resuscitation.  Not  infrequently,  the  patient,  after  a 
temporary  recovery  of  respiration  will  stop  breathing  again. 
If  natural  breathing  stops,  artifical  respiration  should  be 
resumed  at  once. 

AKernate  Methods  of  Resuscitation.  Mouth-to-mouth 
resuscitation  is  not  the  only  way  to  revive  a  victim.  There 
are  several  alternate  methods  that  you  may  use.  These 
methods  may  include  mouth-to-nose,  back  pressure- 
armlift,  and  back  pressure-hiplift.  The  reason  you  may 
have  to  use  one  of  these  alternate  methods  is  that  the  victim 
may  have  facial  injuries  which  would  prevent  you  from 
using  the  mouth-to-mouth  method. 

Mouth-to-nose  method.  This  method  is  basically  done 
the  same  way  as  the  mouth-to-mouth  method.  The  steps  are 
the  same  except  you  breathe  into  the  victim's  nose  and  not 
the  mouth. 

Back-pressiire-annlift  method.  This  method,  shown  in 
figure  4-17,  may  be  used  when  the  victim  has  suffered  some 
type  of  mouth  injury,  or  when  vomiting  is  occurring.  You 
can  follow  this  method  by  reading  the  four  steps  in  fieure 
4-17. 

Back-pressure-hiplift  method.  This  is  another  method  of 
artificial  respiration  which  may  be  used  when  injuri.^s  to  the 
mouth  prevent  the  use  of  other  methods.  It  may  also  be  used 
instead  of  the  back-pressure-armlift  method  when  the 
victim  has  injuries  to  the  aim  and  shoulder  part  of  the  body. 
You  can  follow  the  steps  for  this  method  by  referring  to 
figure  4-18. 

Exercises  (092): 
I .  What  are  four  methods  of  artifical  resuscitation? 


2.  When  giving  mouth-to-niouth  resuscitation  to  an 
individual,  should  anything  be  placed  under  his  head? 
Why? 


3.  When  giving  resuscitation  to  an  adult,  why  should  the 
first  three  to  four  breaths  be  deep  and  given  at  a  rapid 
rate? 


4.  What  will  cause  the  stomach  to  bulge  when  performing 
resuscitation? 


5.  How  long  will  you  continue  artificial  resuscitation 
without  interruption? 


6.  Under  what  condition  woula  you  not  be  able  to  give 
mouth-to-mouth  resuscitation? 


7.  What  resuscitation  meihod(s)  can  be  used  if  the  victim 
continues  to  vomit? 


8.  What  resuscitation  is  used  if  mouth-to-mouth  can't  be 
given  and  the  victim's  shoulder  is  broken? 


093.  List  the  steps  and  state  the  procedures  pertaining  to 
closed  chest  car^'Jac  massage* 

Artificial  respiration  is  to  be  applied  whenever 
respiration  has  stopped  but  a  pulse  is  felt,  however  slight. 
There  may  be  times  when  respiration  has  stopped  and  nc 
pulse  is  felt.  In  these  cases,  use  closed  chest  cardiac 
massage  along  with  artifical  respiration. 

Closed  Chest  Cardiac  (Heart)  Massage.  This  is  the 
rhythmical  compression  of  the  heart  without  opening  the 
chest  by  surgery.  It  is  designed  to  provide  an  artifici-.l 
circulation  in  order  to  keep  blood  flowing  to  the  brain  and 
other  organs  until  the  heart's  beat  has  been  reestablished. 
Closed  chest  cardiac  massage  is  used  in  cases  where  the 
heart  has  stopped  beating  (no  pulse  can  be  detected).  The 
primary  reason  for  the  heart's  ceasing  to  beat  is  insufficient 
oxygen  to  the  vital  centers.  This  could  result  from 
smothering.  Other  isasons  include  electrical  shock, 
excessive  bleeding,  shock,  heart  disease,  effects  of  certain 
drugs,  and  even  anxiety. 

When  the  heart  stops  beating  or  breathing  stops,  it  is 
always  ?n  emergency.  Be  calm;  think;  act!  Time  is  of  the 
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utmost  importance — SECONDS  COUNT!  If  you  are  alone, 
or  there  are  only  two  of  you  to  conduct  emergency  aid,  DO 
NOT  TAKE  THE  TIME  TO  SEND  FOR  HELP.  If 
additional  personnel  arrive,  then  send  for  medical 
personnel.  The  great  danger  when  the  heart  or  breathing 
stops  is  the  lack  of  sufficient  oxygen  carried  in  the  blood  to 
feed  the  brain.  The  brain  is  the  most  sensitive  tissue  of  the 
body,  and  the  results  of  a  shortage  of  oxygen  become  severe 
within  a  few  minutes  (usually  about  3)  after  breathing  and 
circulation  are  cut  off.  Thus,  while  a  victim  who  has  he^ 
delayed  resuscitation  may  live,  the  person  faces  the 
possibility  of  extensive  brain  damage — a  human  vegetable. 

Procedures.  Use  the  following  steps  in  closed  chest 
cardiac  massage: 

(1)  Evaluate  the  situation.  Gently  shake  the  victim  to  find 
out  if  everything  is  okay.  If  the  victim  does  not  respond, 
there  may  be  a  need  for  some  type  of  first  aid.  Visually 
check  the  victim  for  some  type  of  obvious  injury.  The  chest 
may  be  crusi.ed  or  there  may  be  serious  bleeding.  For  this 
objective  we  will  assume  there  is  no  apparent  injury  to  the 
victim.  Included  in  this  step,  you  should  check  the  victim's 
vital  signs.  Check  for  breathing  and  for  neart  beat.  The 
easiest  place  to  check  for  a  pulse  is  the  neck.  Place  the  tips 
of  your  fingers  gently  on  the  windpipe.  Next,  slide  the 
fingers  to  the  side  near  you,  gently  pressing  the  soft  part  of 
the  neck  next  to  the  windpipe.  This  is  shown  in  figure  4-19. 
19. 

(2)  Position  the  victim.  Lay  the  victim  face  up  on  a  solid 
support,  such  as  the  floor,  ground,  or  pavement.  A  bed  or 
couch  is  too  soft. 

(3)  Clear  the  victim's  throat  and  mouth  of  any  foreign 
matter. 

(4)  Begin  mouth-to-mouth  resuscitation  simultaneously 
with  heart  massage.  If  two  people  are  available,  one  gives 
mouth-to-mouth  resuscitation  while  the  other  gives  closed 
cnesi  cardiac  massage.  Pay  particular  attention  to  the 
compression  rate,  positions  of  rescuers,  and  placement  of 
hands. 
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(a)  The  compression  rate  for  two  rescuers  is  60  per 
minute.  This  rate  will  maintain  adequate  blood  flow  and 
pressure  and  will  allow  cardiac  refill.  This  rate  can  be 
maintained  without  fatiguing  the  rescuer.  While  one  rescuer 
is  doing  this,  the  other  rescuer  starts  the  rescue  breathing. 
The  breathing  rate  is  one  breath  for  each  5  chest 
c  mpressions.  This  rate  is  usually  expressed  5:1,  meaning 
5  compressions  to  1  breath.  If  only  one  person  is  available, 
alternate  15  compressions  with  2  counts  of  mouth-to-mouth 
breathing.  Because  of  the  interruptions  for  lung  inflation, 
the  single  rescuer  must  do  each  set  of  15  chest  compressions 
at  a  faster  rate  of  80  compressions  per  minute  in  order  to 
achieve  an  actual  compression  rate  of  60  per  minute. 

(b)  If  you  are  the  one  to  do  the  compressions,  kneel  at 
right  angles  to  the  victim's  trunk  to  best  utilize  your  weight 
in  applying  pressure.  Figure  4-20  shows  the  correct 
positions  of  two  rescuers. 

(c)  To  correctly  place  the  hands,  place  the  heel  of  the 
right  hand  on  the  breast  bone  of  the  victim,  with  fingers 
spread  and  raised  so  that  pressure  is  only  on  the  breastbone, 
but  not  on  the  ribs.  Place  your  left  hand  on  top  of  the  right 
hand  and  press  vertically  downward.  Apply  enough 
pressure  to  depress  the  breast  bone  from  1 1/2  to  2  inches  (see 
fig.  4-21).  The  chest  of  an  adult,  although  resistant  when 
conscious,  is  suprisingly  flexible  when  unconscious. 


Figure  4-19.  Checking  for  a  pulse. 
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Figure  4-20.  Two-person  rescue  position. 


NOTE:  With  a  child,  use  only  one  hand  and  relatively 
light  pressure.  In  newborn  infants,  the  use  of  fingers  only 
may  be  sufficient. 

Release  the  pressure  immediately,  lifting  the  hands 
slightly  (see  fig.  4-22),  then  repeat  in  a  cadence  of 
approximately  60  thrusts  per  minute. 

(S)  Continue  steps.  Continue  closed  chest  cardiac 
massage  until  you  get  professional  medical  aid.  Also» 
continue  to  give  mouth-to-mouth  resuscitation  until  help 
arrives.  If  you  are  on  your  own  and  the  victim  shows  no 
response,  continue  both  measures  until  the  victim  becomes 
stiff  (rigor  mortis  sets  in).  Even  trained  and  experienced 
medical  personnel  find  it  increasingly  difficult  to  say  when 
a  person  is  really  dead  beyond  recall.  Again »  the  most 
important  point  is  to  immediately  begin  and  continue 
resuscitation  efforts. 

Precautions.  Care  must  be  taken  in  administering  closed 
chest  cardiac  massage.  Follow  the  above  procedures 


Figure  4-2 1 ,  Placement  of  hands. 


Figure  4-22.  Releasing  pressure. 


carefully  regarding  the  placement  of  hands  and  force 
applied  in  order  to  avoid  complications,  such  as  fractured 
ribs  or  iiyury  to  the  spleen,  liver,  or  other  organs. 

Care  of  the  patient.  An  unconscious  person  becomes  cold 
very  rapidly,  and  chilling  means  a  further  strain  on  a  vitality 
already  weakened.  Experience  has  shown  that  the  cold  to 
which  the  victims  of  gassing,  electric  shock,  or  drowning 
are  often  carelessly  exposed  is  probably  the  most  important 
cause  of  pneumonia.  This  disease  is  the  most  dangerous 
aftereffect  of  all  these  accidents.  As  far  as  possible,  keep 
the  patient  covered  and  warm  during  and  after  resuscitation. 
Use  hot  pads,  hot  water  bottles,  hot  bricks,  radiant  heaters, 
or  other  similar  means;  but  remember  that  an  unconscious 
person  has  no  way  of  telling  you  when  he  or  she  is  being 
burned.  Do  not  permit  exertion  on  the  part  of  the  victim.  If 
it  should  be  necessary  to  move  the  victim,  keep  the  person 
lying  down. 

Exercises  (093): 

1.  In  brief  statements  list  the  5  steps  in  closed  chest 
cardiac  massage. 


2.  Where  is  the  easiest  place  to  detect  a  pulse  on  an 
individual? 
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3.  If  only  one  rescuer  is  available,  what  is  the  rate  of 
compressions  to  one  breath? 


4.  How  long  should  you  continue  closed  chest  cardiac 
massage? 


5.  When  giving  closed  chest  cardiac  massage  to  an 
individual,  the  rescuer  exerts  pressure  at  what  rate? 


6.  What  complication  could  result  if  you  did  not  follow 
the  correct  procedure  when  perfonning  closed  chest 
cardiac  massage? 


7.  Why  is  it  necessary  to  keep  the  victim  covered  and 
warm  during  and  after  resuscitation? 


094.  Identify  particular  blood  vessels  with  their 
hinctions  and  procedures  for  controlling  bleeding  from 
lacerations  and  alii  asions  with  their  purpose. 

Circulatory  System.  In  order  to  be  able  to  stop  or 
control  bleeding,  you  must  first  understand  something 
about  how  the  blood  ciaulates  through  the  body.  When 
blood  leaves  the  heart,  it  is  pumped  into  large  vessels  called 
arteries.  As  pressure  from  the  heart  drives  the  blood,  it 
travels  through  smaller  and  smaller  arteries,  until  it  reaches 
the  small  blood  vessels  called  the  capillaries.  After  leaving 
the  capillaries,  the  blood  starts  its  trip  back  to  the  heart.  The 
blood  enters  larger  and  larger  vessels,  called  veins.  It  is  the 
veins  that  return  the  blood  back  to  the  heart. 

Types  of  Bleeding.  Types  of  bleeding  are  classified  by 
the  type  of  blood  vessel  which  has  been  cut.  These  types  are 
called  capillary,  venous,  and  arterial  bleeding.  In  capillary 
bleeding,  the  blood  oozes  or  flows  at  a  very  slow  rate.  The 
blood  is  bluish-ied  and  is  easily  controlled.  The  rate  of  flow 
in  venous  bleeding  will  depend  on  the  size  of  the  vein  that 
has  been  cut.  The  rate  of  flow  will  be  moru  steady  and 
darker  in  hue  than  capillary  blood.  In  arterial  bleeding,  the 
most  dangerous  type,  there  is  a  large  amount  of  bright  red 
blood.  It  spurts  in  rhythm  with  the  heart  beat  and  can 
usually  be  detected  by  a  pumping  action.  Of  course,  the 
type  of  bleeding  will  influence  the  way  you  control  the 
blood  flow. 

Controlling  the  Blood  Flow.  In  attempting  to  control  the 
flow  of  blood,  there  arc  a  few  steps  that  you  should  take 
immediate^  \ 

(1)  Lay  victim  down.  If  the  victim  does  not  lay  down, 
faintness  :5i»y  occur  at  the  sight  of  blood  and  further  injury 
may  orcu: 
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(2)  Expose  the  wound  so  that  you  can  check  the  entire 
area  affected  by  the  cut. 

(3)  To  stop  the  flow  of  blood  you  should  apply  pressure 
to  the  cut  with  a  dressing  or  with  some  substitute  such  as  an 
undershirt.  Be  sure  to  use  clean  article  if  possible.  Place 
the  dressing  against  the  cut  and  apply  pressure.  The 
pressure  may  be  exerted  by  the  use  of  the  hand.  Continue 
pressure  as  long  as  needed.  If  the  cut  is  on  the  arms  or  legs, 
you  may  elevate  the  limb  to  help  slow  down  the  flow  of 
blood.  Do  not  raise  the  limb  if  you  think  the  bone  is  broken. 
This  could  result  in  farther  injury.  This  procedure  will 
usually  control  most  severe  bleeding  of  all  types. 

(4)  If  the  above  procedure  does  not  work,  you  may  be 
able  to  stop  the  flow  of  blood  by  applying  hand  or  finger 
pressure  at  various  points  on  the  victim's  body.  The  major 
pressure  points  are  shown  in  figure  4-23.  Each  one  of  the 
dots  in  the  figure  is  a  major  pressure  point.  The  two  most 
commonly  used  pressure  points  are  the  ones  located  in  the 
groin  and  the  inner  side  of  the  upper  arm.  Use  the  neck 
pressure  point  when  the  victim  has  a  profusely  bleeding 
scalp  wound;  however,  use  the  neck  pressure  point  only  as  a 
last  resort — when  all  other  methods  of  stopping  the 
bleeding  have  failed.  Do  not  apply  pressure  to  both  neck 
points  at  the  same  time.  To  do  so  would  severely  reduce  the 
blood  supply  to  the  brain,  causing  unconsciousness  and 
then  death. 

(5)  If  the  bleeding  has  not  been  stopped  by  any  of  the 
steps  far  listed,  as  a  last  step,  use  a  tourniquet.  A 
toumiquei  could  be  defined  as  a  wide  band  of  cloth  or  some 
other  similar  material  placed  just  above  a  wound  to  stop  all 
flow  of  blood.  Since  the  use  of  a  tourniquet  will  stop  all 
blood  flow  to  the  point  of  application,  it  should  be  used  as  a 
last  resort  only.  Any  time  blood  flow  to  a  limb  is  stopped, 
you  run  the  risk  of  losing  that  limb.  As  a  last  step,  you  may 
have  to  sacrifice  a  limb  in  ord<  r  to  save  a  life.  Once  a 
tourniquet  is  applied,  you  must  insure  that  the  victim 
receives  care  by  a  physician  as  soon  as  possible. 

To  use  a  tourniquet >  place  it  just  above  the  wound.  If  the 
wound  is  in  a  joint  area  or  just  below  a  joint,  you  should 
place  the  tourniquet  right  above  the  joint.  Listed  below  arc 
the  steps  to  follow  in  applying  a  tourniquet. 

a.  Wrap  the  tourniquet  band  twice  tightly  around  the 
limb  and  tie  in  a  knot  (see  fig.  4-24,A). 

b.  Place  a  strong,  short  stick,  or  some  similar  object,  on 
top  of  the  knot.  Tie  two  morc  knots  on  top  of  the  stick  (see 
fig.  4-24,Bj. 

c.  Twist  the  stick  to  tighten  the  tourniquet  until  the 
bleeding  stops  (see  fig.  4-24,C). 

d.  Secure  the  stick  in  place  with  the  loose  ends  of  the 
tourniquet  or  another  strip  of  cloth  (see  fig.  4-24,D). 

e.  Make  a  written  note  of  the  location  of  the  tourniquet 
and  the  time  it  was  applied.  Attach  this  note  to  the  victim's 
clothing. 

/.  Treat  the  victim  for  shock  and  also  any  otiier  fu^t  aid 
he  may  require. 

g.  Never  cover  a  tourniquet. 

h.  Do  not  loosen  the  tourniquet  except  on  the  advice  of  a 
physician. 

Hopefully,  you  will  never  have  to  use  any  of  these  steps. 
But  because  of  the  dangers  of  your  job,  you  could  be  in  a 
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Figure  4-23.  Bcxiy  pressure  points. 
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Figure  4-24.  Tourniquet  application. 


situation  where  you  need  to  know  these  steps.  For  this 
reason,  you  should  study  this  section  carefully  to  insure  that 
you  know  what  to  do  to  control  or  stop  the  flow  of  blood 
from  a  cut  or  wound. 


5.  Who  can  authorized  a  tourniquet  to  be  loosened? 


Exercises  (094): 

1.  Match  the  type  of  blood  vessel  listed  under  column  A, 
to  the  correct  description  under  column  B. 


Column  A 

.  (1)  Capillaries. 
.(2)  Veins. 
.(3)  Arteries. 


Column  B 

a.  The  blood  leaves  the  heart 
though  these  blood  vessels. 

b.  The  smallest  blood  vessels. 

c.  Blood  is  returned  to  the  heart 
through  these  blood  vessels. 


What  is  the  purpose  of  elevating  the  arm  or  leg  when 
trying  to  control  the  flow  of  blood? 


What  are  the  two  most  commonly  used  pressure 
points? 


What  is  the  last  resort  in  trying  to  control  the  flew  of 
blood  from  a  cut? 


095.  State  the  procedures  necessary  to  protect  and  treat 
specific  types  of  wounds,  and  state  purposes  and 
precautions  related  to  specified  procedures. 

Protecting  the  Wound.  In  addition  to  stopping  the  flow 
of  blood  from  a  cut  or  wound,  you  should  know  how  to 
protect  the  wound  from  infection  and  further  injury.  A 
dressing  held  in  place  by  a  bandage  not  only  controls 
bleeding,  but  helps  to  protect  the  wound  from  harmful 
germs  and  foreign  matter.  It  also  helps  to  protect  the  v/ound 
from  further  injury.  You  should  keep  your  hands  off  the 
wound  when  applying  the  dressing.  Do  not  touch  the  side  of 
the  dressing  that  goes  next  to  the  wound.  Do  not  attempt  to 
cleanse  a  deep  wound  as  this  may  cause  bleeding  to  resume. 
Don*t  pull  clothing  over  the  wounded  area;  tear  or  cut 
clothing  away  from  the  wound  instead. 

Treatment  of  Wounds.  A  wound  that  is  not  bleeding 
severely  and  is  not  deeper  than  skin  tissues  should  be 
cleaned  before  it  is  dressed  and  bandaged.  Before  you  clean 
the  wound  you  should  wash  your  hands  with  soap  and  hot 
water,  if  possible.  Wash  in  and  around  the  wound  to 
remove  bacteria  and  foreign  matter.  Rinse  the  wound  with 
clean  water  and  blot  the  wound  dry  with  a  sterile  gauze  pad 
or  clean  cloth.  Then  apply  a  dry  sterile  or  clean  dressing  and 
bandage  it  in  place.  Some  wounds  will  require  different  first 
aid,  depending  on  where  the  wound  is. 
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Chest  wounds.  Chest  wounds  are  particularly  dangerous 
if  air  is  being  sucked  in  or  blown  out  of  the  chest  cavity 
through  the  wound.  In  this  case,  the  wound  itself  is  not  as 
dangerous  as  the  air  which  goes  through  it,  because  the  air 
squeezes  the  lung,  thus  collapsing  it. 

Make  the  chest  wound  airtight  as  soon  as  possible.  To  do 
this,  have  the  victim  breathe  out  if  possible.  Then,  put  a 
dressing  which  is  large  enough  to  stop  the  flow  of  air 
through  the  wound;  the  dressing  should  more  than  cover  it. 
Pack  the  dressing  firmly  over  the  wound  and  cover  with  a 
large  piece  of  material,  such  as  from  a  waterproof  garment, 
to  help  make  the  wound  airtight.  Bind  this  covering  with  a 
belt  or  strips  of  torn  clothing.  As  in  all  cases  of  severe 
injury,  treat  for  shock. 

Belly  wounds.  To  treat  a  belly  wound,  cover  it  with  a 
sterile  dressing  from  a  first  aid  pack  or  kit.  Do  not  try  to 
replace  organs,  such  as  intestines,  protruding  from  the 
body.  To  do  so  might  cause  infection  and  severe  shock. 
However,  if  you  must  move  an  exposed  intestine  in  order  to 
cover  the  wound,  do  so.  Be  sure  to  keep  the  intestines  wet 
with  water. 

Don't  give  the  victim  food  or  water  through  the  mouth; 
the  food  could  pass  out  through  the  intestines  and  might 
spread  germs  in  the  belly.  Treat  for  shock. 

Neck  wounds.  Neck  wounds  are  serious  because  of  the 
many  blood  vessels  in  that  area.  Stop  the  bleeding  by 
exerting  pressure  with  a  sterile  dressing.  Then  bind  the 
dressing  to  protect  the  wound. 

If  a  large  artery,  a  vein,  or  both  are  cut,  apply  hand 
pressure  both  above  and  below  the  cut.  Continue  the 
pressure  until  a  medical  officer  directs  that  the  pressure  be 
released.  In  such  lifesaving  situations,  you  need  not  worry 
about  getting  your  hand  in  the  wound.  A  folded  cloth  or  pad 
of  clean  material  under  your  fingers  may  be  a  great  help 
since  the  blood  could  make  the  neck  slippery  to  hold. 

A  victim  with  a  penetrating  neck  wound  needs  special 
treatment  to  prevent  choking  on  blood.  Have  the  victim 
lean  forward  with  the  head  held  forward  and  down  or  have 
the  victim  lie  face  down.  These  positions  will  allow  the 
blood  to  drain  out  of  the  mouth  instead  of  down  into  the 
windpipe.  Remember  to  treat  for  shock,  but  do  not  use  a 
face-up  position. 

Jaw  wounds.  Have  the  victim  sit  up  with  the  head  held 
forward  and  down,  or  have  the  victim  lie  face  down.  If  the 
jaw  is  broken,  do  not  bandage  the  mouth  tightly  shut.  Place 
the  absorbent  part  of  the  dressing  over  the  wound  and  tie  the 
tails  over  the  top  of  the  head  to  lend  support  to  the  jaw.  An 
additional  dressing  may  be  used  to  tie  under  the  chin  for 
more  support,  but  remember  to  allow  enough  freedom  for 
free  drainage  from  the  mouth.  When  treating  a  jaw  wound, 
as  in  the  case  of  a  neck  wound,  do  not  use  a  face-up 
position. 

Head  wounds.  A  head  wound  may  consist  of  any  one  of 
the  following  conditions  or  a  combination  of  these 
conditions:  a  cut  or  bruise  of  the  scalp,  fracture  of  the  skull, 
an  injury  to  the  brain,  ot  injury  to  the  blood  vessels  of  the 
scalp,  skull,  and  brain. 

A  scalp  wound  is  easily  detected  because  of  the  large 
amount  of  bleeding.  To  treat  such  a  wound,  follow  the  steps 
already  covered  for  controlling  the  bleeding. 


It  is  more  difficult  to  discover  whether  there  is  an  internal 
injury  to  the  head.  The  best  step  you  can  take  with  a  victim 
with  a  head  wound  is  to  get  to  a  medical  facility  for 
treatment  as  soon  as  possible.  A  victim  with  a  head  wound 
should  be  treated  for  shock. 

Exercises  (095): 

1 .  Why  should  you  not  cleanse  a  deep  wound? 

2.  What  is  so  dangerous  about  chest  wounds? 


3.  Why  should  you  not  replace  organs,  such  as  intestines, 
from  a  belly  wound? 


4.  Why  are  neck  wounds  serious? 


5.  What  first  aid  steps  would  you  take  for  a  person  with  a 
neck  wound? 


096.  Specify  the  symptoms  and  treatment  of  heat 
exhaustion. 

When  you  are  exposed  to  extreme  heat  for  an  extended 
period  of  time,  you  should  take  special  precautions  to 
protect  yourself. 

Heat  Exhaustion.  Heat  exhaustion  is  caused  when  the 
body  sweats  and  more  body  fluids  are  lost  than  the  body  is 
taking  in.  If  you  are  suffering  from  heat  exhaustion  you  will 
show  signs  of  fatigue.  You  may  feel  weak,  nauseated,  or 
dizzy,  you  may  even  faint. 

Most  of  the  time,  our  body  temperature  will  be  kept  at  a 
steady  or  stable  state.  This  is  done  by  the  evaporation  of 
sweat  and  by  the  way  air  circulates  or  moves  around  the 
body.  In  cases  where  the  body  becomes  overheated  and  is 
not  able  to  get  rid  of  the  excess  heat,  serious  effects  could 
occur.  Also,  if  you  sweat  a  lot  and  do  not  put  liquids  back 
into  your  body,  you  stand  a  high  chance  of  suffering  from 
heat  exhaustion.  This  is  especially  true  when  work  is  done 
under  strenuous  circumstances  and  hot  temperatures 

Symptoms  of  heat  exhaustion.  If  you  or  your  coworkers 
are  suffering  from  heat  exhaustion  you  or  your  coworkers 
may  show  any  or  all  of  the  following  symptoms: 

•  Skin  may  be  pale,  cool,  and  clammy. 

•  Pulse  may  be  weak  and  rapid. 

•  Pupils  may  be  dilated. 

•  Body  will  be  sweating  a  lot. 

•  Body  temperature  may  be  normal  or  right  at  normal. 

•  :.iay  feel  dizziness  or  weakness. 

•  May  vomit. 
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Treatment  of  heat  exhaustion.  First  aid  for  heat 
exhaustion  includes  the  following  steps: 

( 1 )  Call  or  send  for  a  doctor  as  soon  as  possible. 

(2)  Move  the  victim  to  a  cool  place. 

(3)  Have  the  victim  lie  down  with  head  low. 

(4)  Elevate  feet  approximately  10  inches. 

(5)  Loosen  clothing. 

(6)  Give  the  victim  sips  of  salt  water — if  conscious. 

(7)  Cool  the  victim  with  a  wet  cloth.  If  you  can't  do  this, 
fan  the  victim.  Don't  cool  too  fast  or  serious  side  effects 
could  result  such  as  pneumonia. 

(8)  Do  not  give  the  victim  fluids  if  vomiting. 

(9)  The  victim  should  not  return  to  work  for  a  couple  of 
days.  During  this  period  the  victim  should  stay  away  from 
exposure  to  abnormally  warm  temperatures. 

Exercises  (096): 

1 .  From  the  following  list  of  statements,  place  an  "X"  in 
the  blank  provided  if  the  statement  is  a  symptom  or 
treatment  of  heat  exhaustion  and  if  it  is  not  correct  the 
statement. 

a.   The  victim's  clothing  should  be  loosened. 

b.   Place  the  victim  in  a  tub  of  cold  water. 

c.   The  body  temperature  is  usually  quite  high. 

d.   Give  the  victim  sips  of  salt  water. 

e.   If  the  victim  feels  OK,  let  the  victim  return  to  work 

immediately. 

f.   The  victim's  pulse  may  be  weak  and  rapid. 

g.   The  victim  may  faint. 

h.   The  victim  will  probably  be  sweating  a  lot. 

i.   The  victim's  pupils  will  be  contracted. 


097.  State  causes,  definition,  and  time  for  treatment  for 
shock  and  identify  particular  first  aid  procedures  with 
their  purposes. 

Although  this  objective  on  shock  is  being  covered  last, 
treatment  for  shock  is  very  important.  Remember,  you 
should  treat  a  victim  for  shock,  regardless  of  the  type  of 
injury.  Treatment  for  ihock  should  be  started  at  the  same 
time  you  start  the  first  aid  for  the  victim. 

Shock.  Shock  is  a  condition  of  great  weakness  of  the 
body.  It  can,  and  often  does,  result  in  death.  Shock  can  be 
caused  by  any  kind  of  injury.  Loss  of  blood,  crushed  bones, 
bone  fractures,  bums,  bullet  wounds,  and  other  injuries 
may  cause  shock.  The  more  severe  the  injury,  the  more 
likely  the  occurrence  of  shock. 

A  person  in  shock  may  tremble  and  appear  nervous.  The 
pulse  becomes  rapid  and  weak.  The  person  may  be 
excessively  thirsty,  get  quite  pale  and  wet  with  sweat,  gasp 
for  air,  and  may  lose  consciousness. 

Shock  may  not  appear  for  some  time  after  an  injury. 
Treat  a  victim  for  shock  whether  or  not  symptoms  of  shock 
are  present.  Your  efforts  will  have  a  greater  chance  of  being 
effective  if  you  treat  the  victim  for  shock  before  the  victim 
has  a  chance  to  suffer  from  it. 


Treatment  of  Shock.  You  can  start  the  treatment  of 
shock  by  keeping  calm.  A  calm  behavicr  on  your  part  will 
reassure  the  victim.  If  the  victim  has  been  wounded  or  cut, 
keep  the  victim  from  seeing  the  cut  or  wound.  By  doing 
this,  you  lessen  the  chances  of  the  victim  falling  into  a  state 
of  severe  shock. 

You  should  make  the  victim  as  comfortable  as  possible. 
Remove  any  bulky  items,  loosen  belt  and  clothing.  Handle 
the  victim  gently;  do  not  move  the  victim  more  than 
absolutely  necessary.  If  the  victim  is  lying  in  an  abnormal 
position,  make  sure  no  bones  are  broken  before  you 
straighten  the  victim  out. 

Use  a  blanket,  coat,  poncho,  etc.,  to  keep  the  victim 
from  becoming  chilled  or  cold.  Be  sure  to  put  something 
under  the  victim  to  protect  from  the  cold  ground. 

If  the  victim  has  lost  consciousness,  place  the  victim  face 
down  with  the  head  turned  to  one  side.  This  will  help  to 
prevent  choking,  should  the  victim  vomit.  Once  you  have 
the  victim  in  this  position,  do  not  move  the  victim.  To  do  so 
may  cause  the  blood  pressure  to  drop. 

If  the  victim  is  conscious,  replace  body  fluids  by 
administering  coffee,  cocoa,  or  tea  to  drink.  Do  not  give 
fluids  to  victims  who  are  unconscious  or  have  belly 
wounds. 

If  oxygen  is  available,  give  it  to  the  victim. 
Briefly,  the  treatment  for  shock  is  as  follows: 

•  Reassure  the  patient  and  make  as  comfortable  as 
possible  by  removing  bulky  items  and  by  loosening 
clothes. 

•  Move  the  patieui  as  little  as  possible;  handle  gently. 

•  Make  sure  there  are  no  broken  bones  before 
straightening  the  patient  out. 

•  Keep  the  patient  warm. 

•  If  the  patient  is  not  conscious,  place  face  down  with 
the  head  turned  to  one  side. 

•  If  conscious,  give  the  patient  fluid,  such  as  coffee,  tea, 
or  cocoa. 

•  Give  the  patient  oxygen  if  it  is  available. 


Exercises  (097): 
1 .  In  a  brief  statement  write  the  definition  of  shock. 


2.  Why  should  you  keep  the  victim  from  seeing  the  cut  or 
wound? 


3.  Why  should  an  unconscious  victim  be  placed  face 
down  with  the  head  turned  to  one  side? 


4.  Why  should  you  not  move  a  victim  once  you  have  the 
victim  in  a  shock  position? 
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5.  When  should  treatment  of  shock  be  started?  7.  Can  shock  be  caused  by  any  type  of  injury? 


6,  Name  two  types  of  injury  that  could  cause  shock. 
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ANSWERS  FOR  EXERCISES 


Reference: 


001  - 


CHAPTER  1 


002- 


003- 


1. 

a. 

b. 

X. 

c. 

d. 

e. 

f. 

xT 

a. 

Mechanical. 

D. 

Civil  Engineer. 

C. 

Resources  and  Reciuirements. 

U> 

dccincai. 

e. 

Operations. 

f. 

C^>erations. 

g- 

Operations. 

h. 

Electrical. 

i. 

Operations. 

j- 

Family  Housing  Management. 

1. 

(1) 

d. 

(2) 

h. 

(3) 

e. 

(4) 

i. 

(5) 

f. 

(6) 

b. 

(7) 

a. 

(8) 

g- 

(9) 

d. 

(10) 

c. 

d.  54250. 

e.  54270. 

f.  54299. 

g.  54200. 
006-2.  E-5. 

006  -  3.    Electrician,  electrical  power  lineman,  or  electrical  power 
production. 

006  -  4.    Plans,  directs,  coordinates,  implements,  and  controls  base 

electrical  service. 

007  -  1. 


a. 

X. 

b. 

X. 

c. 

d. 

xT 

e. 

f. 

g- 

xT 

h. 

X. 

i. 

X. 

j- 

008-  1. 


008  -  2. 


004  -  1 .  They  participate  in  the  real  property  operation  and  maintenance 
CE  work  force. 

004  -  2.  In  the  60' s  the  emphasis  was  on  a  nuclear  war,  whereas,  in  the 
70's  the  plan  was  based  on  a  conventional  war. 

004  -  3.  A  larger  mobility  team  was  required  and  the  civilian  work  force 
was  responsible  for  stateside  operations  during  wartime 
conditions. 

004  -  4.  (1)  To  give  direct  combat  support  roles  in  support  of  the  Air 

Force's  wotldwide  mission. 
(2)  To  provide  a  mobile  rapid  response  capability  for  recovery 

of  ail  base  facilities  following  wartime  and  natural  disaster. 
004  -  5.   The  augmented  imit. 
004  -  6.   28  hours. 

004  -  7.   The  Structural/Pavements  (55)  career  field. 

004  -  8.   A  total  of  four  electricians  are  on  the  CF-2  team;  one  3  level, 

two  5  levels^  and  one  7  level. 
004  -  9.   Each  team  member  is  issued  a  mobility  toolkit  for  his  or  her 

career  field  as  listed  in  Attachment  1  of  93-3 . 

004  -  10.  The  M-16  rifle  or  .38  cabl)er  revolver. 

005  -  1 .   From  trained  personnel  from  all  major  commands. 

005  -  2.  RED  HORSE  Squadrons  provide  heavy  equipment  repair  and 
construction  of  troop  facilities. 

005-  3.    a.  CES-l. 

b.  CES-2. 

c.  CES-3. 

d.  CES-3. 

e.  CES-2. 

f.  CES-l. 

006-  1.    a.  99000»E1 

b,  54210. 

c.  54230. 


009-  1. 


To  follow  and  comply  with  sound  security  practices,  to  be 
familiar  with  the  regulations  and  instructions,  to  protect  all 
classified  information  you  possess,  and  to  make  sure  you  don't 
cause  others  to  violate  security  policies. 

a.  All  persons  must  understand  the  purpose  and  principles  of 
the  information  security  program  and  their  responsibilities 
for  protecting  information. 

b.  All  persons  must  be  informed  of  the  regulations  and 
supplemental  instructions  that  apply  to  them. 

c.  All  supervisors  are  responsible  for  being  sure  their  people 
follow  the  rules. 

d.  Supervisors  should  conduct  their  orientation  brieflngs  as 
part  of  their  normal  duties. 

a.  True. 

b.  True. 

c.  False.  Change  ^^unclassified"  to  ''classified." 

d.  True. 

e.  False.  Change  "Secret"  to  "For  Official  Use  Only." 

f.  True. 

Information  the  disclosure  of  which  could  cause  exceptionally 
grave  damage  to  national  defense. 

Information  the  disclosure  of  which  could  cause  serious 
damage  to  national  defense. 

Information  the  disclosure  of  which  could  cause  identifiable 
damage  to  national  defense. 

(1)  b. 

(2)  c. 

(3)  a. 

(4)  a. 

(5)  b. 

011-  1.   a.    No.  Sgt  Jones  should  have  spoken  to  someone  who  knew 

what  Blue  Knight  was  or  used  secure  communications  to 
discuss  the  project. 

b.  Yes. 

c.  Yes. 

d.  Yes. 

0 1 2  -  1 .   Telephone  off  the  hook,  unplanned  conversations,  attempting  to 

disguise  iiiformation»  homemade  codes,  and  ciphers. 
012  -  2.   Unplanr^d  conversations. 

012-  3.   Disguising  the  information  or  using  homemade  codes  or 

ciphers. 


010 
010 
010 
010 


-  1. 


-2. 


-3. 


-4. 
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013  -  I. 
013-2. 


014  -  I. 


014 
014 


2. 
3. 


015  -  1.  a. 


b. 


When  an  enemy  knuws  in  advance  he  is  going  to  be  attacked,  he 

has  time  to  plan  his  counteractions  or  avoid  that  attack. 

The  purpose  is  to  keep  the  tactical  and  stmtegic  advantage  on 

our  side  by  protecting  information  and  activity  regarding  our 

plans. 

(a)  Identify  those  portions  of  an  operation  that  require 
protection,  (b)  develop  OPS  EC  procedures  and  techniques,  (c) 
systematically  assess  OPSEC  status  at  all  operational  levels, 
and  (d)  document  deficiencies  and  institute  corrective  actions. 
Operations,  communications,  and  procedures. 
Any  type  of  information  that  could  reflect  a  change  in  procedure 
or  operations,  whether  the  information  seems  important  or 
unimportant. 

Yes.  This  is  a  routine  community  relatbns  effort,  usually 
screened  and  cleared  by  the  Office  of  Information. 
No.  This  conversation  deals  with  a  probable  limitation  on  a 
strategic  weapon  system  component. 
No.  This  conversation  deals  with  the  distances  to  the 
location  of  strategic  weapons  systems  components  from  a 
known  point. 

Yes.  This  is  a  routine  story  for  acknowledging  excellence. 
No.  This  also  appears  to  be  a  probable  compromise  of 
classified  material,  since  the  **(S)"  indicates  Secret 
classification. 

No.  This  information  reveals  a  probable  change  in  some 
part  of  the  missile  system,  thus  pointing  toward  other 
changes. 


019 

019 

019 
019 


-4. 

-5. 
«  6. 


f. 


016-  1. 


018-  1. 


019-  1. 


019-2. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 


(10) 
(11) 
(12) 


(3) 
(4) 
(5) 
(6) 
(7) 

(8)  g 

(9) 
(10) 
(11) 
(12)  g 
(13) 
(14) 
(15) 
(16) 
(17) 

(18)  g. 

(19)  h. 

(20)  a. 

(I)  a,  (2)  b,  (3)  d,  (4)  c.  (5)  e,  (6)  a,  (7)  c,  (8)  e,  (9)  b,  (10)  d, 

(II)  b,  (12)  a,  (13)  b,  (14)  e,  (15)  c,  (16)  d,  (17)  b. 

They  are  identified  by  having  the  TO  number  placed  on  them 
and  they  should  be  dated.  In  some  cases,  a  one-sheet  identifying 
TO  is  issued  as  a  title  sheet. 

They  may  be  in  the  regular  TO  binders  in  numerical  order  with 
the  other  TOs  or  they  may  be  filed  in  a  separate  file  in  numerical 
order.  When  in  the  regular  TO  file,  the  identifying  title  sheet  is 
filed  just  in  front  of  the  publication.  If  kept  in  a  separate  file,  the 
identifying  title  sheet  is  filed  in  numerical  order  and  a  notation 
in  put  on  it  to  show  where  the  publication  is  filed. 


-  3.    They  are  listed  in  the  proper  numerical  index  in  numerical 
order. 

(I)  Some  items  are  bought  locally  off  the  shelf  and  (2)  some 
items  are  bought  in  very  small  quantities. 
Specialized  instructions,  standairds,  and  codes. 
Through  loca!  procurement  from  the  equipment  manufacturer  or 
from  other  commercial  sources  depending  on  the  publication. 

019-7.  They  are  not  indexed  in  the  publications  indexes  but  they  should 
be  kept  together  and  filed  in  a  section  or  on  a  shelf  of  a 
publications  filing  cabinet. 

020  -  1 .    a.      b.  X,  c.      d.      e.  X,  f .  X,  g.  X.  h.      i.      j.  X. 

C20  -  2.  a.  F,  they  are  issued  as  regulations;  b.  T;  c.  T;  d.  F,  they  are 
listed  in  numerical  order;  e.  T;  f .  F,  they  are  listed  generally  in 
the  order  they  were  issued;  g.  F,  it  contains  only  the  general 
subject  areas;  h.  T. 

020  -  3.    (1)  g,  (2)  i,  (3)  f,  (4)  a,  (5)  b,  (6)  e.  (7)  b,  (8)  k.  (9)  f,  (10)  b, 

(II)  k,(12)d. 

020  -  4.    In  TO  index  0-2-01  (NI&RT). 
020  -  5.    Electric  drill  press  -  category  34. 

Oxygen  cylinder  -  category  42. 
020  -  6.    Numerical  index  TOs  begin  with  0-1 . 
020  -  7.   TO  0-2-1. 

020  -  8.  TOs  are  identified  by  category  numbers  and  are  indexed 
numerically,  alphabetically,  cross  referenced,  and  by  specific 
equipment. 

020  -  9.  0-1-01. 

020  -  10.  The  numbers  of  the  first  and  last  TOs  in  the  binder  are  shown  on 
a  tab  located  on  each  binder. 

020  -  1 1.  TOs  are  filed  in  numerical  order  and,  when  alphabetical  letters 

are  involved,  both  numerically  and  alphabetically. 

021  -  1.    APR  85-1,  AFM  85-3,  AFM  85-5,  AFR  85-7,  AFR  85-10, 

AFM  85-14. 
021  -  2.    AFP85-1,  AFR  85-9,  AFM  85-13. 


a. 

022  -  1. 

a. 

X. 

b. 

b. 

c. 

c. 

a. 

d. 

xT 

c. 

e. 

X. 

c. 

023  -  1 

.  (1) 

b. 

a,  b,  d,  h. 

(2) 

a. 

c,  e,  f,  g. 

(3) 

a. 

b. 

(4) 

c. 

c. 

(5) 

a. 

h. 

(6) 

a. 

e. 

(7) 

c. 

d. 

(8) 

c. 

g- 

(9) 

b. 

f. 

(10) 

a. 

a. 

(11) 

c. 

f. 

(12) 

b. 

024  -  1 .  Standard  publications  are  Hied  in  binders  in  numerical  sequence 
by  series  number  and  specific  item  number.  The  binders  are 
niunbered  and  placed  in  die  file  in  numerical  sequence. 

024  -  2.  (Changes  are  filed  immediately  behind  the  basic  publication 
affected.  Supplements  are  filed  behind  changes  in  descending 
order  according  to  the  level  of  command  that  published  the 
supplement. 

024-3.  Binder4. 

024  -  4.  Identiiy  the  number  of  the  needed  publication,  check  current 
status  of  the  publication,  and  look  at  the  binder  inserts  until  you 
iind  the  number  on  an  mseit  or  it  falls  between  the  numbers  on 
an  insert — your  publication  is  in  that  binder. 

024  -  5.   First  use  TO  0-1-01  to  find  the  proper  category  index  niunber. 

Second,  get  the  binder  witii  die  catq^ory  index  in  it  and  look  at 
the  table  of  contents  to  find  proper  subcateogiy  for  the  type  of 
tool  you  are  looking  up.  Turn  to  the  subcategory  indicated  and 
find  the  correct  TO  number.  Then,  look  for  the  binder  that 
contains  the  wanted  TO,  remove  it  from  the  file,  and  turn  to  the 
TO. 

024-6.  Binder68. 
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025  ~  1 .    Subjects  in  standard  publications  can  be  found  in  the  table  of 

contents  or  the  index. 
025  -  2.   The  index  provides  specific  information  whereas  the  table  of 

contents  contains  general  information. 

025  -  3.    (a)  Locate  the  desired  publication,  (b)  use  the  table  of  contents 

or  the  index  and  locate  the  wanted  subject,  (c)  turn  to  the 
indicated  page  or  paragraph,  and  (d)  research  the  material  for 
the  desired  information. 

CHAPTER  2 

026  -  1 .    A  work  plan  that  identifies  work  ahead  of  time. 

026  -  2.   The  planners  perform  an  inspection  of  base  facilities  to  find  out 

what  work  needs  to  be  done. 
026  -  3.    a.    Recurring  labor  such  as  cathodic  protection  readings. 

b.    Equipment  maintenance  such  as  fire  alarms. 
026  -  4.    Management  by  exception  is  the  process  of  comparing 

estimated  labor  hours  to  actual  labor  hours. 

026  -  5.    Base  Engineer  Automated  Management  System  (BEAMS). 

027  -  1.    A  maintenance  program  that  automatically  scheduler,  through 

BEAMS,  recurring  work  to  the  shops. 
027  -  2.    Shop  supervisors  will  fill  out  an  AF  Form  1841,  Maintenance 

Action  Sheet  (MAS)  for  each  month. 
027  -  3.    Superintendents  will  review  the  RMPs  to  make  sure  only 

essential  work  is  included. 

027  -  4.    Any  of  the  following: 

a.  Calibrating  thermostats  on  deep-fat  fryers. 

b.  Maintaining  emergency  lights. 

c.  Reading  static  grounds. 

d.  Reading  lightning  protection. 

e.  Cathodic  protection  maintenance. 

f.  Fire  alarm  maintenance. 

g.  Intnistion  alarm  maintenance. 

028  -  1 .    a.    Uniform  reporting  system. 

b.    Identifies  direct  labor  cost  against  work  orders. 

028  -  2.    a.  ATA. 

b.  ETA. 

029  -  1 .   The  controller  or  shop  supervisor  fills  this  form  out  on  a  daily 

basis  to  record  man-hours  used. 
029  -  2.   They  are  printed  below  the  respective  group,  military  or 
civilian. 

029  -  3.    The  contro?  center  code  and  cost  center  code. 
029  -  4.    The  daily  work  sheet  is  based  on  AF  Form  561 . 
029  -  5.    A  cufTcnt  job  is  assigned  to  that  worker. 

029  -  6.   The  man-hours  are  entered  by  numbers  assigned  to  the  jobs 

each  person  performs. 

030  -  1 .    It  is  used  to  compute  labor  cost  through  BEAMS  on  a  monthly 

basis. 

030  -  2.    Only  labor  loaned  from  ETA  to  ATA  cost  centers  and  family 

housing  management. 
030  -  3.    Work    control,    planning,    real   estate   management,  cost 

accounting,  engineering,  and  others  like  these. 


031  -  1. 


031 
031 


a.  An  emergency  work  order  from  the  service  call  desk. 

b.  A  routine  job  order  on  AF  Form  1 879 . 

c.  AF  Form  327,  BCE  Woric  Order. 

d.  AF  Form  1219,  BCE  MulU-Craft  Job  Order. 
The  shop  supervisor. 

The  objective  is  to  know  the  location  of  each  worker  and  the 
status  of  all  work. 


032  -  1. 


(1) 
(2) 
(3) 
(4) 


(5)  a. 


(6) 
(7) 
(8) 
(9) 
(10) 
(11) 
(12) 


033  -  1 .  Unit  mission,  number  of  people. 

033  -  2.  The  table  of  allowance  (TA). 

033  -  3.  The  average  AF  unit. 

033  -  4.  TA-001  orMEMI. 

033  -  5.  486. 

034  -  1 .    The  chief  of  supply. 

034  "  2.    To  make  sure  ali  items  arc  there  and  serviceable. 

034  -  3.    AF  Form  126  is  used  to  record  all  custodial  requests. 

034  -  4.    The  new  cjstodian  must  attend  the  equipment  custodian 

briefing  and  make  sure  all  discrepancies  arc  cleared  up  before 

signing  for  the  account. 
034  -  5.    AF  Form  601b  is  used  to  ask  for  allowance  and  authorization 

changes,  ordering,  tum-ins,  and  updating  equipment. 

034  -  6.  TA-016. 

035  ~  1.    Material  Control. 

035  ~  2.    Service  call  and  your  controller. 

035  -  3.    To  make  sure  all  items  are  there  and  correct. 

036-  1.    Bench  Slock. 

036  -  2.  30-day. 

036  -  3.    Material  Control. 

036  -  4.    Bench  slock  code  (always  B). 

037  -  1.  (1)  a. 

(2)  a. 

(3)  b. 

(4)  a. 

(5)  b. 

(6)  b. 

(7)  a. 

038  -  1.  Yellow. 

038  -  2.    Unserviceable  but  repairable. 

039-  1.  AF  Form  1801,  Request  for  Issue  or  Tum-in,  is  used  foi 
expendable  shop  use  type  items. 

039  -  2.    The  items  are  recurring  issue. 

039  -  3.    The  justification. 

040  -  1 .    For  temporary  custody  of  an  item. 

040  -  2.    Normally  24  hours,  but  does  stay  in  effect  until  returned. 

040  -  3.    The  form  is  returned  to  the  individual. 

041  -  1.    All  personnel. 

041-2.  TO  00-35D-54,  USAF  Material  Deficiency  Reporting  System 
or  AFR  66-30,  Product  Improvement  Program  for  Operational 
Equipment. 


CHAPTER  3 


042  -  1. 


a.  To  the  mission. 

b.  Tell  them  the  job  comes  first.  As  soon  as  the  job  is 
complete,  they  can  have  the  time  off. 

042  *  2.  Explain  the  situation  to  Sgt  Sims  and  express  regret  in  not  being 
able  to  let  him  off  at  this  time,  because  the  mission  must  ^ome 
first. 

042  -  3.  Explain  to  the  colonel  that  you  have  a  work  schedule  you  have 
to  go  by  and  ask  him  to  call  the  service  call  desk  to  get  a  work 
order. 

042  -  4.  Inform  Material  Control  of  the  problem  and  turn  them  in  for 
repair. 

042  -  5.    You  will  get  the  tools  and  equipnnent  they  will  need,  train  them 

on  shop  tools  and  equipment,  and  provide  on-the-job  training 
necessary  for  upgrade  training. 

043  -  1 .    Job  proficiency  is  knowing  the  542X0  specialty  principles  and 

performing  the  skills. 

043  -  2.    a.    Personnel  probably  would  not  respect  you  as  a  supervisor. 

b.    The  product  from  your  shop  would  probably  be  of  marginal 
quality. 

044  -  1 .    a.    You  explain  to  the  worker  that  you  are  unfamiliar  with  that 

particular  item  of  equipment  but  that  you  both  can  look  it 
up  in  the  TO  or  manual, 
b.    You  make  ^  known  that  your  door  is  open  to  anyone  that 
has  a  problem  and  wants  to  talk  it  over  with  you. 
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045  -  1. 


045  -  2. 


046 
046 

046 
046 

046 
046 


046  -  7. 


047  -1. 


048  -1. 


c.  You  treat  her  as  you  would  her  male  countenjaub,  ;.e  ,  find 
out  what  her  capabilities  are  and  ass'gn  her  jobs 
accord!  "t^h 

d.  You  do  iiot  say  anything  to  anybody  else. 

e     You  begin  to  assign  ihem  some  of  your  respon, .  jilities. 

f .  You  Slay  around  near  what  they  have  to  say  about  ihe  job 
but  excuse  yourself  when  they  start  discussing  ihe  paiiy. 

g.  Counsel  with  the  Airman  and  explain  r-?  him  the 
consequences  of  his  t  4ions. 

h.  Call  your  workers  together  and  explain  the  importance  of 
the  mission  and  how  they  must  work  together  \o 
accomplish  their  goals. 

i.  You  set  up  a  policy  that  if  the  workload  permits  you  give 
the  people  that  may  have  had  to  work  on  the  weekend  time 
off  that  next  week. 

j.  You  go  to  the  commander  and  explain  that  the  power  haci  to 
be  cut  for  the  safety  of  your  workers  and  that  Sgt  Morgan 
had  the  best  interest  of  all  concerned  in  mind. 

Your  list  should  include  information  from  the  list  below. 
Name: 

Marital  Status: 
Age: 

Education/Experience  and  their  special  talents: 

Background:  Find  out  the  locality  the  worker  is  from 

Housing:  Find  out  where  your  worker  is  living. 

Your  outline  should  include  (for  example): 

Functions/Organizational  Structure. 

Their  Position. 

Chain  of  Command. 

Duties  and  Responsibilities. 

Career  Development. 

New  Duties  to  Learn. 

Work  Standards. 

Shop  Procedures  and  Policies. 

Mission  essential  work. 

Work  that  duplicates  work  done  somewhere  else  or  does  not 
contribute  to  the  mission. 

The  lower  ranking »  unskilled  workers  in  your  shop. 

They  will  do  less  work,  of  poorer  quality,  and  cause  more 

accidents. 

It  is  easier  to  increase  the  worker*s  skills, 
a.    Only  one  person  is  responsible, 
b     One  worker  can  be  more  efficient. 

Worker  morale  will  decrease,  accidents  may  increase » and  some 
workers  may  be  tempted  to  **goof  off.  '* 


b. 
a. 
c. 
d. 


Many  times,  directions  given  mean  one  thing  to  the  supervisor 
and  something  different  to  the  workers. 
048  -  2.    By  having  your  workers  repeat  your  directions  back  to  you. 
048  -  3.    From  regulations,  manuals,  and  operating  instructions. 
048  —  4.    Organizational  objectives  and  good  judgment. 
048  -  5.    a.  Request. 

b.  Implied  or  suggested. 

c.  Demand. 

d .  Request  for  volunteers. 

e.  Implied. 

f.  Request. 

048  -  6.    Long,  complicated  instructions  should  be  put  in  writing. 

048  -  7.    You  may  need  to  explain  the  situation,  provide  a  chance  fo*" 

questions,  or  be  sure  that  directions  are  understood. 
048  -  8.    You  must  answer  the  question  of  what,  why,  when,  where, 

who,  and  how. 

048  -  9.  Terms  may  be  too  technical,  directions  may  v;igue,  not 
enough  information  is  included,  directions  are  too  long  or 
complicated,  the  arrangement  may  not  be  logical,  the  work  may 
seem  unduly  complicated,  and  directions  may  not  be  practical. 

^^48  -  10.  If  the  person  giving  directions  shows  a  poor  or  •*don*t  care" 
attitude,  workers  are  going  to  do  the  job  the  same  way. 


048  -1! 


049  - 


Keeps  workers  from  getting  bored,  spreads  the  less  desirable 
jobs  around  among  the  workers,  is  an  important  part  of  upgrade 
training,  and  provides  skilled  workers  to  cover  essential  jobs 
when  some  people  are  gone. 


050  -  I . 


050 


051 
051 


a. 

B. 

b. 

G. 

c. 

G. 

A 
U. 

D 
D . 

e. 

B. 

f. 

B. 

g- 

G. 

h. 

G. 

i. 

G. 

j- 

B. 

k. 

G. 

1. 

B. 

m. 

G. 

a. 

Get  mad. 

b. 
c. 
d. 
e. 

f. 

.  (1) 

(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 
(ID 
(12) 


Ignore  the  problem. 
Blame  someone  else  for  it. 
Run  away  to  the  bar  or  club. 

Stall— don*t  make  any  decision — maybe  the  problem  will 
go  away. 

Avoid  the  problem  by  retreating  into  food,  alcohol,  or 
drugs  to  escape, 
b.  b. 
a. 
c. 
b. 
e. 
c. 
d. 
b. 
a. 
c. 
b. 
e. 


051  -  I. 


-2. 


-  3. 


a.  Motivation. 

b.  Understanding . 

c.  Responsibility. 

d.  Directivity. 

e.  Productivity. 

f.  Satisfaction. 

False.  Because  a  chewing  out  causes  anger  and  resentment. 
Counseling  builds  up  the  self  image, 
a.  X. 
b. 

c.  X. 

d.  X. 


052  -  I . 


052 


e. 
f. 

a. 
b. 
c. 
d. 
e. 


T. 
T. 
F. 
T. 
T. 


Your  answer  should  be  somewhat  like  this. 

a.  Collect  information. 

b.  Select  a  quiet  place  for  an  interview. 

c.  Prepare  yourself  for  the  interview. 

d.  Start  interview  by  establishing  rapport. 

e.  Tell  him  why  he  was  called. 

f.  Listfin  to  hip?. 

g.  Fin  '  "he  real  problem. 

h.  Outline  a  coun*e  of  ac!k>n. 

i.  Record  the  interview  and  follow  up. 

053  -  1 .  Performance  standards  define  the  quality  and  quantity  of  work 
that  must  be  put  into  a  job  for  it  to  be  satisfactorily  completed. 

053  -  2.  Do  not  include  too  much  operating  details  in  the  standard  and 
keep  the  standards  reasonable. 


ERIC 


143 


188 


053  -  3.  Worker  morale  drops,  personnel  turnover  increases,  production 
drops  off,  accidents  and  errors  increase,  and  workers  become 
overly  fatigued. 

053  -  4.    Workers  get  bored,  mischief  and  horseplay  goes  up,  workers 

have  more  grievances,  and  absenteeism  increases. 
053  -  5.    Performance  level  should  be  set  so  it  can  be  reached  by  any 

qualified,  competent  worker. 
053  -  6.    If  the  v>resent  worker  is  exceptional,  the  standard  will  be  too 

high.  On  the  other  hand,  if  the  worker  is  below  average,  the 

standard  will  be  too  low. 
053  -  7.    You  must  determine  what  is  a  reasonable  range  of  performance 

to  be  acceptable.  Those  that  are  below  the  range  may  be 

unacceptab!'?  and  those  that  are  above  the  range  are  probably 

outstanding. 

053  -  8.  In  addition  to  your  opinion,  you  should  get  the  opinions  of 
workers  doing  the  job  and  of  other  supervisors,  especially  those 
that  have  similar  operations. 

053  -  9.  You  must  use  them.  Check  your  people's  performaiK*:  against 
the  standards  and  discuss  your  observations  with  them.  Give 
recognition  to  the  good  workers  and  help  workers  who  do  not 
meet  the  standards  by  training  or  other  means,  and  try  to 
motivate  adequate  workers  to  do  better  if  they  are  capable. 

053  -  10.  They  set  minimum  acceptable  production  goals  for  each  worker; 

they  tend  to  create  job  satisfaction;  they  provide  a  basis  for 
estimating  future  work  capacity;  they  provide  data  for  planning, 
organizing,  and  assigning  work;  they  help  determine  who  needs 
training;  and  they  provide  a  basis  for  personnel  actions  and 
formal  ratings. 

054  -  1 .    They  must  be  careful  to  keep  tempers  from  getting  out  of  hand, 

prevent  unkind  remarks,  and  prevent  a  breakdown  of  good 

working  relationships. 
054  -  2.    By  making  sure  they  understand  the  performance  CDC54250 

standards  expected  of  them. 
054  -  3.    Observation,  evaluation,  and  reporting. 

054  -  4.  Observation  of  performance  should  be  made  over  an  extended 
period  of  time  and  often  enough  to  be  sure  the  performance 
observed  is  typical.  Observations  should  include  the  person's 
behavior,  performance  of  duty,  and  work  quaiity. 

054  -  5.  Isolated  observations  seldom  show  what  the  worker  does 
normally.  As  a  result,  you  may  overrate  or  underrate  the  person 
rather  than  on  representative  behavior  which  would  tend  to 
reward  or  penalize  the  person  unfairly. 

054  -  6.    The  immediate  supervisor  of  the  airman. 

054-  7.    When  it  is  a  referral  APR. 

054  -  8.  NonTially  once  a  year  or  when  a  change  of  rating  official  is 
made. 

054  -  9.    A  referral  APR. 

054  -  10.  The  APR  will  be  an  8. 

055  -  1.    a.  909. 

b.  9M. 

c.  909. 

d.  910. 

e.  77. 

055  -  2.  Entries  are  made  by  printing  or  legibly  writing  in  black  or  dark 
blue  ink. 

055  -  3.    The  entire  APR  must  be  redone. 

055  —  4.    Erase  the  incorrect  letters  and  insert  the  correct  ones. 

056—1.    An  evaluation  device. 

056  "  2.    Annually,  unless  circumstances  require  a  change. 
056  -  3.    The  unit  mission. 

056  ~  4.    Critical  and  noncritical. 
056-5.  Critical. 

056  ~  6.    Part  three. 

057  -  1 .    All  organizations  assigned  enlisted  personnel. 

057  -  2.  To  train  its  enlisted  personnel  and  qualify  them  in  the 
knowledge  and  job  proficiency  needed  to  perform  duty  in  an 
AFS. 

057  —  3.    All  Air  Force  commands  and  some  schools  of  the  Army,  Navy, 

and  other  Government  agencies. 
057  -  4.    Headquarters  USAF,  Director  of  Personnel  Programs. 
057  -  5.    Job  proficiency  and  job  experience. 
057  -  6.    Formal  resident  courses,  CDCs,  OJT.  and  SKTs. 


057  -  7.    Formal  training. 

057  -  8.    To  plan,  conduct,  and  evaluate  OJT. 

057  -  9.  OJT  is  a  planned  training  program  designed  to  qualify  airmen, 
through  self-study  and  supervised  instruction,  to  perform  in  a 
given  AFS  while  actually  working  in  a  duty  assignment  of  their 
AFS. 

057  -  10.  Both  training  in  approved  courses  and  training  on  the  job. 

058  -  1 .    To  train  personnel  to  perform  their  assigned  duties. 
058  -  2.    In  the  actual  work  situation. 

058  -  3.    Self-study  and  performance  on  the  job  under  supervision. 
058  -  4.    The  unit*s  mission. 

058  -  5.    To  assist  in  developing  a  trainee's  job  proficiency. 
058  -  6.    The  airman*s  current  duty  assignment. 
058  -  7.    The  airman*s  immediate  supervisor. 

058  -  8.    In  the  JPG. 

059  -  1.    a.    Upgrade  training  (UGT)  is  conducted  for  the  purpose  of 

upgrading  an  airmen's  AFSC  skill  level  in  his  or  her 
AFSC. 

b.  Qualification  training  is  conducted  to  increase  an  airman's 
knowledge  and  skill  within  an  assigned  position,  during  the 
time  he  or  she  is  not  on  UGT,  and  training  which  docs  not 
result  in  the  award  of  an  AFSC. 

c.  Retraining  is  designed  to  qualify  an  airman  for  the  award  of 
an  AFS  or  AFS  shredout  not  in  the  normal  progression 
pattern  cf  a  currently  awarded  AFS. 

059  ~  2.    Through  on-the-job  training. 

059  -  3.    Because   of  changing   Air  Force  concepts,  requirements, 

equipment,  and  unit  missions. 
059  -  4.  Yes. 

059  -  5.    OJT  is  a  dual-channel  training  concept.  Career  knowledge 

training  is  still  a  requirement. 
059  -6.    Yes.  There  is  always  a  need  for  incre^'.jing  the  quality  or 

quantity   of  production,   indoctrinating  personnel   in  new 

techniques  or  procedures,  or  qualifying  technicians  to  maintain 

new  equipment. 
059  -  7.    a.  AFR39-1. 

b.    AFR  39-4. 

1.  b,f,h,j. 

2.  c,e,g. 

3.  a,d,  i. 

1 .  ( 1)  c,  (2)  d,  (3)  j,  (4)  b,  (5)  a,  (6)  d,  (7)  i,  (8)  g,  (9)  f,  (10)  a. 
(ll)h,(12)c,(13)e,(14)  f. 

2.  The  trainee  learns  by  doing  while  performing  under  the  trainer's 
watchful  eye  in  a  productive  capacity. 

3.  Through  lecture  and  discussion,  a  trainer  can  impart 
information  and  discover  what  trainees  already  know.  Through 
demonstration  the  trainer  can  show  the  safe  and  correct  way  to 
perform  a  task.  Through  performance  under  supervision  »he 
trainees  can  practice  until  they  become  proficient  at  the  task. 

-  4.  Step  1 ,  Prepare  the  training  situation.  Trainer*s  and  instructor*s 
activity  almost  identical — the  trainer  prepares  the  working 
environments;  the  instructor  prepares  the  classroom. 
Step  2,  Prepare  the  trainee  to  receive  job  instruction.  Again, 
the  activities  are  almost  identical.  The  trainer  must  discover 
what  the  trainees  already  know,  but  the  instructor  usually  has 
this  information  before  meeting  the  class. 

Step  3.  Present  the  operation  to  the  trainee.  All  activities 
identical  whether  the  trainer  is  teaching  skills  or  the  instructor  is 
teaching  attitudes. 

Step  4.  Try  out  performance.  This  step  for  the  trainer  compares 
with  the  evaluation  step  by  the  instructor. 

Step  5.  Follow  up.  This  step  by  the  trainer  compares  best  with 
the  measurement  step  by  the  instructor  in  the  classroom.  Of 
course,  the  instructor  cannot  put  the  students  in  a  job  situation. 

062  -  1.  Because  of  their  complexity. 

062  --  2.  To  divide  a  big  job  into  easy,  progressive,  and  teachable  units. 

062  —  3.  The  past  experience  and  the  learning  capability  of  the  trainee. 

062  -  4.  ** Important  Steps*'  and  **Key  Points.'* 

062  "5.  To  discover  how  you  can  best  help  the  trainee  to  perform  each 

operation  safely,  easily,  correctly,  and  quickly. 

062  -  6.  The  trainer. 

062  -  7.  The  immediate  supervisor. 


060' 
060' 
060- 

061 
061 
061 


061 
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063 
063 
063 


063 
063 


-4. 


-  5. 


063  -6. 


063 
064 

064 
064 
064 

065 
065 


-  7. 

-  I. 


-  2 


065 
065 
065 

066 
066 


A  CDC  or  STS  training  reference  for  the  AFSC. 
A  person  capable  of  administering  job  proficiency  training. 
The  supervisor  can  certify  job  proficiency  on  the  task  if  he  or 
she  observes  the  performance  and  can  verify  it  by  an 
authoritative  reference  (e.g.,  TO  or  manual). 
Proper  procedures,  tools,  materials,  etc,  are  used  and  the 
completed  work  meets  established  standards. 
The  Chief,  Personnel  Division,  must  appoint  a  competent 
authority  who  possesses  all  the  facts.  This  authority  carefully 
weighs  all  factors  to  decide  if  a  capability  exists. 
The  Chief,  Personnel  Division,  forwards  a  statement  of 
circumstances  to  the  parent  major  command  (MAJCOM). 
The  MAJCOM. 

a.  Technological  advancements. 

b.  Personnel  ^htiuges. 

c.  Career  field  adjustments. 

2.  By  applying  a  plan  of  evaluation. 

3 .  Current  and  projected  training  requirements . 

4.  Specialty  description,  STS,  JPG  and  job  breakdown,  and  the 
job  performance  requirements. 

1.    How  seriously  the  people  in  the  program  accept  their 
responsibilities. 

a.  STS. 

b.  Current  JPG. 

c.  Task  breakdown. 

d.  Necessary  tools,  equipment,  and  supplies. 
Trainee  participation. 
Written. 
Performance. 


070  -  5. 


-  1. 


-  2. 


067  ■ 
067  - 
067  - 

067  - 

068  - 
068  - 
068  • 
068  - 
068  - 
068  - 
068 
068 
068 
068 
068 
068 
068 
068 

069 
069 


Formal  courses. 

Career  Development  Courses. 

Ability  of  recent  graduates  to  perform  tasks  to  the  specified 
training  standard. 

Extent  to  which  acquired  skills  are  used  by  recent 
gtaduates. 

Exte.it  to  which  knowledge  is  retained  by  recent  graduates. 
Need  to  revise  STS,  formal  courses  or  CDCs. 
Need  for  further  evaluation  of  training  problem  areas 
identified  by  this  evaluation  of  recent  graduates. 


1 .  The  official  Air  Force  specification  for  training. 

2.  Tasks,  knowled'^es,  and  study/technical  references. 

3.  3,  5,  and  7  skill  levels. 

4.  The  career  devf  Jopment  channel  of  OJT. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


i. 

c. 

m. 

f. 

n. 

b. 

j- 
e. 


10.  1. 

11.  h. 

12.  a. 

13.  k. 

14.  d. 


1 .  The  Specialty  Description  in  AFR  39- 1 . 

2.  To  support  task  and  knowledge  training  and  as  a  basis  for  career 
knowledge  training  when  CDCs  are  not  available. 

069  -  3.    A  proficiency  code  in  these  columns  indicates  the  extent  of 
training  needed  for  the  task  in  a  course  and/or  OJT. 

069  -  4.    Through  OJT. 

070  -  1 .    The  STS  contains  the  majority  of  tasks  for  which  an  airman  is 

responsible. 

070  —  2.    By  drawing  a  circle  around  the  proficiency  code  in  columns  2A, 
3A,  or4A. 

070  -  3.    By   recording  the  date   completed   and   the  trainee  and 

supervisor/trainer  initialing  it. 
070  -  4.    Locally  assigned  tasks  thai  are  not  on  the  STS. 


071 
071 
071 
071 

072 
072  • 

072  - 

072 
072 

073 

073  ■ 
073  • 

074 
074 
074 


-  1. 

-  2. 

-  3. 

-  4. 

-  1. 

-  2. 

-  3. 

4. 
5. 

I. 

2. 
3. 

I. 
2. 
3. 


074  • 
074 

074 
074 


074  -  8. 


074  -  9. 


075 
075 
075 
075 
075 

076  - 


076- 
076- 
076- 


076 
076 

077  -  1. 


Study/technical  reference,  proficiency  levels,  and  space  for 
trainee's  and  supervisor's  initials. 

Circle  and  initial  the  appropriate  verb. 
The  same  as  any  task  with  only  one  verb. 
The  same  as  UGT. 

The  supe*vis3r  must  start  the  airman  on  a  program  of 
qualification  ti  aining  on  that  task. 

If  the  JPG  is  net  needed  for  recording  7 -skill -level  training,  give 
it  to  the  trainre.  Otherwise,  keep  it  for  recording  the  UGT. 
An  airmar  who  has  dual  qualification  or  one  who  is  in 
retraining. 

The  supervisor  must  review  each  revised  STS  to  determine  if 

new  JPGs  are  needed. 

Erase  the  circle  from  the  proficiency  code. 

Those  applicable  to  the  trainee's  duty  position. 

For  training  documentation. 

A  comprehensive  record  of  AFSC  oriented  training. 

You  should  have  an  ''X"  by  each  of  the  following:  b,  d,  e.  f. 

and  h. 

At  the  lowest  level  of  supervision  having  storage  facilities. 
To  continue  a  filled  section  of  AF  Form  623. 
If  the  airman  is  being  separated  or  retired;  also,  upon  an 
airman's  promotion  to  E-7,  provided  it  is  not  needed  as  an 
active  training  record. 

In  Section  II  when  the  trainee  goes  into  UGT. 

Record  the  date  administered  in  column  C,  Section  rv,  AF 

i-orm  623. 

20  December  1978. 

Estimated  training  completion  date,  date  for  supervisory 
evaluation,  date  for  commander's  evaluation,  and  the  maximum 
training  date. 

a.  I. 

b.  IV. 

c.  V. 

d.  V. 

'  Place  correction  tape  over  the  old  entry.  Enter  the  new 
information. 

The  inunediate  supervisor  and  the  unit  OJT  manager. 
To  monitor  the  CDC  progress  of  a  trainee. 
Once  the  CDC  is  successfully  completed. 
Upon  issuance  of  the  first  volume  for  study. 
The  unit  OJT  manager. 

Special  task  qualifications  of  a  critical  nature,  selected  tasks 
requiring  training  or  evaluation,  and  tasks  in  which  the 
supervisor  relies  on  someone  else  to  validate  the  individual's 
qualifications. 

It  saves  the  time  it  would  take  to  screen  entries  on  the  JPG  and 
AFForm  623a. 

That  the  trainee  must  be  administered  both  a  written  and 

practical  evaluation  for  certification  on  that  task. 

The  trainee  must  initial  to  indicate  awareness  and  agreements 

with  the  applicable  entries. 

The  trainee's  grade  and  AFSC. 

That  the  entry  is  noncurrcnt. 


077  -  2. 


078 
078 
078 
078 
078 


a. 
b. 
c. 
d. 
e. 


III. 
V. 
I. 
IV 

n. 


To  prepare  airmen  for  noncommissioned  officer  status »  and  for 
positions  of  greater  responsibility. 

To  motivate  your  trainees. 
A  goal. 

The  trainer's  desire  to  teach. 

By  responding  to  the  needs  of  the  individual. 

a.  Success. 

b.  Self-esteem. 

c.  Security. 

d.  Enthusiasm. 

e.  Recognition. 
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190 


079- 
079- 
079- 


080- 

080 

080- 


081 
081 
081 

081 
081 
081 


082 
082 


079  -  4. 


082  -  1. 


082  -  2. 
082  -  3. 


082  -  6. 


082  -  7. 

082  -  8. 
082  -  9. 

083-  1. 


084- 


085  -  1. 


CHAPTER  4 

That  most  accidents  can  be  prevented  before  they  happen. 

To  reduce  accidents  throughout  the  Air  Force. 

If  unsafe  conditions  are  not  reported  it  could  result  in  inefficient 

and  costly  operations. 

To  insure  that  corrective  action  is  taken. 

Safety  orientations. 
The  supervisor. 

a.  X. 

b.  X. 

c.  X. 

d.  A  safety  briefing  should  be  given  on  all  phases  of  the 
worker*s  duties  at  least  once  a  week. 

e.  X. 

f .  All  jobs  should  be  explained  so  the  workers  under-stand  the 
piDper  procedures  for  doing  the  work. 

g.  X. 

When  your  body  is  wet. 

Current,  ICQ  milliamperes  (0.1  ampere). 

Regard  all  circuits  as  being  live  until  opened,  tested,  and 
grounded. 

"X*'  items  a,  d,  f,  j. 

Rubber  gloves,  rubber  blankets,  and  rubber  mats. 

The  circuit  may  become  accidentally  shorted  to  another  circuit. 

(1)  b. 

(2)  c. 

(3)  a. 

(4)  d. 

The  office  supervisor  who  issues  an  AF  Form  269. 

Not  until  the  clearance,  with  the  numbers  corresponding  to  the 

numbers  on  all  red  and  ytllow  tags  on  the  blocked  device,  has 

been  released. 

The  base  civil  engineer. 

None;  you  are  not  required  to  work  under  conditions  that  you 
feel  are  unsafe. 

Blocking  is  placing  a  switch  in  the  OPEN  or  CLOSED  position 
and  providing  a  means  to  which  the  switch  can*t  be  accidentally 
changed. 

To  make  sure  unauthorized  persons  do  not  change  the  position 
of  the  switches. 

The  actual  time  each  switching  operation  is  performed. 
Part  A. 

a.  X*  Use  a  screwdriver  to  drive  and  remove  screws  only. 

b.  . 

c.  X  >  Store  cutting  tools  with  protective  sheaths  or  store 
separate  from  other  tools. 

d.  _  . 
e. 
f. 


X .  Use  a  haimner  to  hammer  a  rusted  pipe  union. 


g.  X  .  Keep  the  blades  of  screwdrivers  ground  flat  and  never 
use  them  as  chisels. 

a .  U.  Use  three-wire  extension  cords  with  three-wire 
equipment  cords  and  plug  them  into  a  grounded  receptacle. 

b.  U.  Do  NOT  jerk  the  plug  from  a  receptacle.  Jerking  the 
cord  can  break  the  cord  wires  orctuse  the  coimection  in  the 
plug  to  become  loose  and  may  cam  e  a  short  circuit. 

c.  S. 

d.  U.  Remove  dust  by  ventilation  bel  3re  operating  the  motor 
or  replace  the  motor  with  an  explosion  proof  type. 

e.  S. 

f.  U.  Tools  operated  on  110  volts  need  one  hot  wire,  one 
neutral  (system  ground)  wire,  and  one  equipment  ground 
wire  in  their  cords. 

g.  S. 

h.  S. 

i.  S. 
j.  S. 


b.    U.  All  electrically  operated  machines  will  be  grounded . 


c.  U.  Use  a  brush  to  remove  metal  cuttings  from  machines, 

d,  S. 

c.  U.  Do  not  perform  maintenance  on  moving  machinery. 

g!  s! 


086  -  1. 


a, 
b. 
c. 


086 
087 


2.    c,  d,  b,  a,  e. 


S. 

U  -  Gel  an  assistant  or  a  forklift. 

U  -  You  may  lift  the  toolbox  by  yourself  but  bend  your 
knees  and  keep  your  back  straight. 
U  <  Get  an  assistant  or  use  a  hoist. 


-  1. 


088  -  1. 


088 
089 


2. 


(1)  (l)c. 

(2)  b. 

(3)  a. 

(4)  b. 

a.  Yes. 

b.  Yes. 

c.  No.  Extend  an  extension  ladder  after  the  ladder  is  against 
the  structure. 

d.  Yes. 

e.  Yes. 

Grasp  the  ladder  by  the  rungs  as  you  walk  toward  the  bottom. 


1.  (1)  e. 

(2)  d. 

(3)  g. 

(4)  f. 

(5)  b. 

(6)  a. 

(7)  c. 

090-  1.    a.  S. 

b.  U.  The  eyes  must  be  immediately  flushed  and  given 
medical  aid  in  all  cases. 

c.  U.  Breathing  the  vapors  may  result  in  respiratory  injury  so 
ventilation  is  necessary. 

d.  S. 

e.  S. 

091  -  1.  (1)  d. 

(2)  c. 

(3)  a. 

(4)  b. 

2.  Water,  soda  acid,  and  foam. 

3.  Foam  CO^,  and  dry  chemicals. 

4.  Dry  chenucal. 


091 
091 
091 


092  -  2. 


092-  1.  (1)  Mouth-to-mouth. 

(2)  Mouth-to-nose. 

(3)  Back-pressure-armlift. 

(4)  Back-pressure-hiplift. 

No,  because  it  may  flex  the  neck,  causing  the  air  passages  to  be 
blocked. 

Provides  rapid  reoxygenation. 

Air  is  being  blown  in  the  stomach  instead  of  the  lungs. 
Until  natural  breathing  is  restored  or  until  a  physician  declares 
the  patient  dead. 

The  victim  may  have  a  facial  injury. 
Back-pressure-armlift  or  back-pressure-hiplift. 
Back-pressure-hiplift. 


092 
092 
092 

092 
092 
092 


-3. 
■4. 
■5. 

■6. 
■7. 
-  8. 


093-  1.  (1)  Evaluate  the  situation. 

(2)  Position  the  victim. 

(3)  Clear  the  victim's  throat  and  mouth  of  any  foreign  matter. 

(4)  Begin  mouth-to-mouth  resuscitation  simultaneously  with 
heart  massage. 

(5)  Cc:itinue  steps. 

2.  In  the  neck. 

3.  15  to  2. 

4.  Until  you  get  medical  aid  or  until  rigor  mortus  sets  in. 

5 .  Sixty  times  per  minute . 

6.  h'27u'  Fractured  ribs,  injury  to  spleen,  liver,  or  other  organs. 

7.  To  prevent  pneumonia. 


093 
093 
093 
093 
093 
093 


094-  1.  (1)  c. 
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191 


194-2. 
194-3. 

)94  -4. 

)94  -  5. 

)95  -  I. 
)95  -2. 

)95  -3. 
D95  -4. 
D95  -5. 


096-1. 


(2)  a. 

(3)  b. 

To  help  slow  down  the  flow  of  blood. 

(1)  Groin. 

(2)  Inner  side  of  the  upper  arm . 
Applying  a  tourniquet. 
A  physician. 

It  may  cause  bleeding  to  resume. 

If  air  is  being  sucked  or  blown  out  of  the  chest  cavity,  the  air  Q97  _  | 
could  squeeze  and  collapse  the  lung.  097  _  2. 

It  could  cause  infection  and  severe  shock. 

Because  of  the  many  blood  vessels  in  the  neck  area.  Q97  -  3 

Exert  pressure  on  the  cut  by  applying  a  sterile  dressing  to  the  .^^^  _  4' 
wound.  Next  bind  the  dressing  to  protect  the  wound.  Have  the  _  5' 

person  lie  down.  Treat  for  shock.  097  -  5 


a. 
b. 


X. 

Wet  the  victim  down  with  a  wet  cloth  but  don't  cool  him 
too  fast. 


c.  The  body  temperature  will  be  normal. 

d.  X. 

c.  The  victim  should  get  a  couple  of  days  complete  rest  and 
stay  away  from  excessive  heat. 

f.  X. 

g.  X. 

h.  X. 

i.  The  pupils  will  be  dilated. 

Shock  is  a  condition  of  great  weakness  of  the  body. 
By  doing  this  you  lessen  the  chances  of  the  victim  falling  into  a 
state  of  severe  shock. 

This  will  help  to  prevent  choking,  should  the  victim  vomit. 
To  do  so  may  cause  the  pressure  to  drop. 
At  the  same  time  you  start  the  first  aid. 

Any  two  of  the  following  would  be  correct:  loss  of  blood, 
crushed  bones,  bone  fractures,  bums,  and  bullet  wounds. 
097  -  7.  Yes. 
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STOP. 


1.  MATCH  ANSWER  SHEET  TO  THIS  EXERCISE  NUMBER, 

2.  USE  NUMBER  2  PENCIL  ONLY. 


EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 

54250  01  22 

GENERAL  SUBJECTS 

Carefully  read  the  following: 
DO*s: 

1.  Check  the  ••course,"  ••volume,"  and  ••form"  numbers  from  the  answer  sheet  address  tab  against  the 
••VRE  answer  sheet  identification  number"  in  the  righthand  column  of  the  shipping  list.  If  numbers  do 
not  match,  return  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with  a  note  of  explanation. 

2.  Note  that  item  numbers  on  answer  sheet  are  sequentied  in  each  column. 

3.  Use  a  medium  sharp  #2  black  lead  pencil  for  marking  answer  sheet. 

4.  Write  the  correct  answer  in  the  margin  at  the  left  of  the  item.  (When  you  review  for  the  course 
examination,  you  can  cover  your  answers  with  a  strip  of  paper  and  then  check  your  review  answers 
against  your  original  choices.)  After  you  are  sure  of  your  answers,  transfer  them  to  the  answer  sheet.  If 
you  have  to  change  an  answer  on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean 
eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if  at  edl  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference . 

7.  If  mandatorily  enrolled  student,  process  questions  or  comments  through  your  unit  trainer  or  OJT 
supervisor.  If  voluntarily  enrolled  student,  send  questions  or  comments  to  ECI  on  ECI  Form  17. 

DON'Ts: 

1 .  Don't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review  exercise . 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks.  Double  marks  or  excessive  markings 
which  overflow  marking  blocks  will  register  as  errors. 

3.  Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 

A .  Don't  use  ink  or  any  marking  other  than  a  #2  black  lead  pencil. 

NOTE:  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED  ON  THE  VOLUME 
REVIEW  EXERCISE.  In  parenthesis  after  each  item  number  on  the  VRE  is  the  Learning 
Objective  Number  where  the  answer  to  that  item  can  be  located.  When  answering  the  items  on  the 
VRE,  refer  to  the  Learning  Objectives  indicated  by  these  Numbers.  The  VRE  results  will  be  sent  to 
you  on  a  postcard  which  will  list  the  actual  VRE  items  you  missed.  Go  to  the  VRE  booklet  and 
locate  the  Learning  Objective  Numbers  for  the  items  missed.  Go  to  the  text  and  carefully  review  the 
areas  covered  by  these  references.  Review  the  entire  VRE  again  before  you  take  the  closed*book 
Course  Examination. 
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MULTIPLE  CHOICE 


Note  to  St^ent:  Consider  all  choices  carefully  and  select  the  best  answer  to  each  question. 

1.  (001)  The  organization  on  base  that  has  the  primary  mission  to  acquire,  construct,  maintain  and  operate  real 
property  facilities  is 

a.  supply.  c.  civil  engineering. 

b.  comptroller.  d.  resource  management. 

2.  (003)  What  unit  under  the  BCE  sliould  handle  the  counseling  of  an  airman  for  an  off-base  incident? 

a.  Environmental  Planning.  c.  Requirements. 

b .  Administrati on .  d .  Operations . 

3.  (004)  Which  Air  Force  CE  team  has  a  mission  to  perform  direct  combat  support  with  a  mobile  rapid  response 
capability? 

a.  Prime  BEEF.  c.  CEMERT. 

b.  RED  HORSE.  d.  CYSCO. 

A    (005)  The  group  most  likely  used  to  repair  extensive  damage  to  a  base  is 

a.  a  RED  HORSE  squadron.  c.  Base  Civil  Engineers. 

b.  civilian  contractors.  d.  A  Prime  BEEF  CF-1  team. 

5.  (006)  What  is  the  only  rank  that  can  hold  the  position  of  Chief  Enlisted  Manager  (CEM)? 

a.  Master  Sergeant.  c.  Senior  Master  Sergeant. 

b.  Chief  Master  Sergeant.  d.  Sergeant-Majcr  of  the  Air  Force. 

6.  (007)  The  main  difference  between  the  specialist  and  the  technician  ci  your  career  field  is 

a.  age.  c.  skill  levels. 

b.  experience.  d.  added  supervisory  responsibilities. 

7.  (017)  An  example  of  a  standard  publication  that  is  nondirective  is  a 

a.  manual.  c.  regulation. 

b.  supplement.  d.  staff  digest. 

8.  (018)  A  technical  order  issued  to  correct  unsafe  conditions  that  could  cause  a  severe  or  fatal  injury  is  the 

a.  safety  manual . 

b.  abbreviated  technical  order. 

c.  time  compliance  technical  order. 

d.  methods  and  procedures  technical  order. 

9.  (019)  Commercial  technical  publications  used  by  the  Air  Force 

a.  are  maintained  in  the  base  reference  library. 

b.  are  never  included  in  the  TO  system. 

c.  are  always  included  in  the  TO  system. 

d.  may  or  may  not  be  included  in  the  TO  system. 
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10.  (019)  When  a  base  procures  locally  manufactured  fire  alarm  systems  to  meet  an  unusual  situation,  the  vendor- 
supplied  manuals  covering  the  operation,  service,  and  maintaining  of  these  systems 

a.  must  be  indexed  but  need  not  be  printed. 

b.  must  be  incorp>orated  into  the  TO  system. 

c.  need  not  be  made  a  part  of  the  TO  system, 
cl  must  be  identified  but  need  not  be  indexed. 

1 1 .  (020)  What  standard  publications  are  numbered  sequentially,  starting  with  number  one  each  calendar  year? 

a.  Bulletins  and  posters.  c.   Regulations  and  manuals. 

b.  Manuals  and  pamphlets.  d.   Staff  digests  and  bulletins. 

12.  (021)  The  document  used  to  index  publications  for  an  organization  is 


14.  (023)  The  most  critical  type  of  an  AFTO  22  report  is 

a.  an  urgent  report. 

b.  a  routine  report. 

c.  a  time  compliance  report. 

d.  an  emergency  reports/critical  hazard  report. 

15.  (024)  Without  going  to  the  index  how  could  you  determine  if  a  binder  of  publications  was  missing  from  the  file? 

a.  Check  the  last  binder.  c.   Check  the  binder  letters. 

b.  Check  the  binder  colors.  d.  Check  the  binder  numbers. 

16.  (025)  To  find  a  chapter  or  section  heading  in  a  publication,  look  in 

a.  AFRO-2. 

b.  the  publication  index. 

c.  the  alphabetical  index. 

d.  the  table  of  contents  of  the  publication. 

17.  (026a)  The  original  rationale  for  developing  Engineered  Performance  Standard  (EPS)  was  to 

a.  make  accurate  estimates  of  tools  and  materials  for  new  construction. 

b.  make  accurate  estimates  of  tools  and  materials  for  maintenance  of  real  property. 

c.  realize  the  fullest  and  most  efficient  use  of  manpower  and  money  for  maintenance  of  real  property. 

d.  realize  the  fullest  and  most  efficient  use  of  manpower  and  money  for  new  construction. 

18.  (026a)  What  is  the  basis  for  information  presented  in  the  Craft  Handbooks  used  in  Engineered  Performance 
Standards? 

a.  Task  -  time  -  standard.  c.  Work  sampling. 

b.  Work  plan  sequence.  d.  time  study. 


a.  AFRO-2. 

b.  AFR39-1. 


c.  AFP  00-1. 

d.  AFP  85-1. 


13.  (022)  Which  technical  order  explains  -he  procedures  for  reporting  improvements  in  TOs? 
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19.  (026)  One  purpose  of  the  facility  survey  is  to  provide 


a.  a  time  for  work  to  be  done. 

b.  the  money  and  time  to  do  the  work. 

c.  budgetary  guidance  for  the  base  commander. 

d.  inputs  to  the  civil  engineering  work  plan. 

20.  (026)  The  Inservice  Work  Plan  (IWP)  iS  compiled  by  which  of  the  following? 

a.  The  BCE.  ^-  Production  Control. 

b.  Facility  Survey.  d.  The  shop  supervisors. 

21 .  (027)  If  you  know  the  scope  and  level  of  the  job  without  visiting  the  job  site,  you  would 

a.  send  the  schedule  to  BCE. 

5  ^ .    ♦e.'vH  *  N    hcdule  the  work. 

c.  ser.      i>    aedule  to  your  supervisor. 

d.  visit  the  job  site  to  confirm  what  you  know. 

22.  (028)  Man-hour  accounting  provides  CE  management  and  base  accounting  and  finance  with 

a.  direct  labor  costs. 

b.  total  costs  of  a  job. 

c.  direct  labor  costs  against  work  order  numbers. 

d.  material  and  labor  costs  against  work  order  numbers. 

23.  (029)  The  code  used  to  identify  the  total  number  of  direct  labor  hours  against  each  work  order  number  is 

a.  TAM.  c.  LOP. 

b.  LUC.  ^'  ^TA. 


24.  (029)  When  a  change  of  cost  center  is  involved, 

a.  no  report  is  required. 

b.  the  subcost  center  number  is  entered. 

c.  loaned  and  borrowed  labor  are  reported. 

d.  individual  names  by  work  order  number  are  reported. 

25 .  (030)  Work  conrol    d  planning  are  examples  of  what  type  cost  centers? 

a.  Exct-ptior  I  rti    ccounting.  c.  Actual  time  accounting. 

b.  Indiicctturtcqccounting.  d.  Direct  time  accounting. 

26.  (031)  A  team  of  workers  of  different  skills  that  work  from  a  trailer  are  used  to  accomplish  work  from  what  type 
of  work  order? 

a.  SMART.  c.  Routine. 

b.  Urgent.  Emergency. 

27 .  (03 1 )  A  work  order  authorized  on  AF  Form  1 2 1 9  is 

a.  either  a  SMART  or  an  MFH  renovation  work  order. 

b.  either  a  service  call  or  an  MC  work  order. 

c.  performed  from  a  DIN  truck. 

d.  an  MC  work  order. 
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28. 


(03 1)  The  decision  to  use  a  work  order  is  based  on  need  for  the  following  except 


a.  detailed  planning. 

b.  collecting  reembursement. 

c.  size  and  complexity  of  the  job. 

d.  capitalization  of  real  property  records. 

29.  (032)  In  which  of  the  following  cases  could  DD  Form  362,  Statement  of  Charges  for  Government  Property  Lost, 
Damaged  or  Destroyed,  be  used? 

a.  Enlisted  or  civilian  employee  for  2in  amount  of  more  than  $500. 

b.  Enlisted  or  civilism  employee  for  2in  amount  less  thsm  $500. 

c.  Officer  for  an  amount  of  less  thsm  $250. 

d.  Officer  for  an  amount  of  more  thsm  $250 . 

30.  (032)  If  a  Report  of  Survey,  DD  Form  200,  is  initiated,  how  many  officers  are  directly  involved  in  preparing  the 
report? 

c.  3. 


a.  5. 

b.  4. 


d.  2. 


3 1 .  (033)  The  T A-00 1  is  the 

a.  Numerical  Index. 

b.  stockJist  of  items. 

32.  (036)  Bench  stocks  are  normally  limited  to 


33. 


c.  TA  for  power  linemen. 

d.  Master  Equipment  Management  Index. 


a.  sixty  day  stock  levels. 

b.  common  nonrecoverable  hardware  items. 

c.  small  hand  tools  and  expendable  items. 

d.  daily  requirement  items  of  hardware  and  materials. 


(036)  If  the  14  digit  supply  transaction  code,  the  last  four  numbers  refer  to  which  of  the  following? 


a.  Organizational  code. 

b.  Item  serial  number. 


c.  Bench  stock  code. 

d.  Shop  code. 


34.  (037)  When  should  a  bench  stock  bin  be  flagged? 

a.  AT  75  percent  level. 

b.  At  50  percent  level. 


c.  At  25  percent  level. 

d.  At  10  percent  level  or  5-day  supply. 


35.  (038)  What  would  be  the  color  of  the  condition  tag  that  you  would  attach  to  an  electric  drill  that  has  a  broken 
plug? 

a.  Red.  c.  Green. 

b.  White.  d-  Yellow. 

36.  (038)  If  you  are  set  to  get  an  electric  drill  and  three  drills  are  available,  one  tagged  red,  one  tagged  green,  and 
one  tagged  yellow,  what  action  do  you  take? 

a.  Do  not  select  any  of  the  drills  as  all  are  inoperable. 

b.  Select  the  drill  with  the  yellow  tag. 

c.  Select  the  drill  with  the  green  tag. 

d.  Select  the  drill  with  the  red  tag. 
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37.  (039)  The  document  used  for  expendable  item  turn-ins  is 


a.  AFFormlSOl. 

b.  AF  Form  1445. 


c.  AF  Form  6016. 

d.  DD  Form  1574. 


3S.  (040)  What  form  should  be  used  for  a  temporary  issue  document? 

a.  AFForml492.  c.  AFForm60lb. 

b.  AFForml297.  d.  AFFormlSOl. 


39. 


(041)  The  two  documents  needed  to  consult  in  case  of  a  materiel  deficiency  are 


a.  AFR  52-3  and  AFM  66-10. 

b.  AFM  127-101  and  AFR  52-6. 


c.  TO  00-35D-54  and  AFR  66-30. 

d.  AF  Form  1382  and  DD  letter  105-1. 


40.  (042)  The  primary  reason  for  full  and  frank  discussions  of  the  unit  mission  with  your  subordinates  is 

a.  the  goals  set  by  your  boss. 

b.  the  accomplishment  of  the  mission. 

c.  your  esteem  with  your  subordinates. 

d.  the  feelings  of  your  subordinates . 

41 .  (043)  Before  you  can  supervise  others,  you  must  be  able 

a.  to  understand  human  behavior. 

b.  to  state  the  procedures  for  doing  the  job . 

c.  to  basically  understand  the  job. 

d.  to  correctly  do  the  job  yourself. 

42.  (044)  You  supervise  an  electrical  crew  and  have  been  given  a  job  that  requires  the  crew  to  work  all  weekend,  but 
some  members  of  the  crew  have  plans  to  attend  an  out-of-town  football  game  on  Saturday.  What  action  should 


a.  Try  to  talk  your  boss  out  of  doing  the  job  at  this  time. 

b.  Let  the  ones  of  the  crew  off  that  have  already  made  other  plans. 

c.  Tell  the  crew  that  anyone  not  present  cannot  be  expected  to  do  the  job. 

d.  Explain  to  the  crew  all  the  facts  and  reasons  why  the  job  must  be  done  at  this  time  when  you  explain  the 


43.  (045)  What  is  the  most  important  part  of  new  worker  orientation? 

a.  To  let  the  new  worker  known  who  is  boss. 

b.  To  introduce  him  or  her  to  the  job  and  to  the  people . 

c.  To  provide  detailed  information  about  every  aspect  of  his  or  her  job. 

d.  To  get  it  over  with  quickly  so  the  new  workers  can  start  their  new  job. 

44.  (045)  During  the  walk-around  part  of  an  orientation,  the  new  assignee  should  be  given  a 

a.  general  overview  of  the  shop  and  of  his  or  her  job. 

b.  detailed  account  of  the  shop  and  of  his  or  her  duties . 

c.  casual,  off-hand  introduction  to  his  or  her  co-workers . 

d.  detailed  list  of  tools  and  equipment  that  he  or  she  will  need. 


you  take? 


job. 
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45 .  (046)  In  setting  work  priorities , 

a.  all  jobs  have  the  same  importance . 

b.  all  workers  should  be  assigned  to  the  same  task  difficulty  jobs. 

c.  job  classification  and  work  priorities  are  the  same  thing. 

d.  only  jobs  essential  to  the  organization's  mission  should  be  done. 

46.  (046)  Work  assignment  should  be  made 

a.  according  to  the  skills  required  of  the  job  to  be  done . 

b.  by  allowing  each  person  to  work  at  his  best  pace . 

c.  according  to  the  amount  of  work  to  be  done. 

d.  on  a  first  come-first  served  basis. 

47.  (047)  Using  common  sense  to  get  the  job  done  efficiently  is  called 


48.  (048)  Why  should  a  worker  repeat  instructions  that  they  receive  from  the  supervisor? 

a.  To  assure  the  supervisor  that  instructions  are  correct. 

b.  To  assure  understandings  of  the  instructions. 

c.  To  assure  speed  and  efficiency. 

d.  to  assure  compliance. 

49.  (049)  If  you  know  of  impending  changes  you  should 

a.  wait  until  they  happen  then  tell  your  workers. 

b.  keep  them  to  yourself  as  they  might  not  happen. 

c.  tell  your  workers  if  the  change  will  affect  them. 

d.  tell  your  worker  whether  they  are  affected  or  not. 

50.  (050)  The  first  factor  to  be  considered  in  solving  a  problem  is  to 

a.  send  the  individual  to  the  proper  referral  agency. 

b.  discuss  the  actions  with  the  individual. 

c .  defi  ne  the  problem . 

d.  get  the  facts. 

51.  (05 1)  The  basic  requirement  for  true  counseling  is 

a.  empathy.  c.  self  esteem. 

b.  sympathy.  d-  a  protective  attitude. 

52    (n'^^^  An  -.jmosphere  of  mutual  trust  and  understanding  is  called 


1  magement. 
supervision. 


c.  organization. 

d.  coordination. 


c.  evaluation. 

d.  'wl*    m  solvi' 


iiiiance  standards  should  cover  which  of  the  following? 


a.  Quality  of  work  only. 

b.  Quantity  of  work  only. 


c.  Quantity  and  quality  of  work. 

d.  Quantity,  quality,  and  time  of  work. 
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(054)  Personnel  evaluations  should  be  based  on  which  of  the  following? 


a.  the  supervisor's  appraisal  only. 

b.  a  mutual  respect  between  supervisor  and  worker. 

c.  a  mutual  agreement  on  the  effectiveness  of  the  worker. 

d.  a  mutual  understanding  of  performance  standards. 

55.  (055)  The  form  used  to  prepare  an  Airman  Proficiency  Report  for  SSgt  Jones  is 

a.  AF  Form  912.  c.  AF  Form  910. 

b.  AFForm911.  d.  AF  Form  909. 

56.  (055)  If  you  advertantly  mismark  a  block  in  section  III  of  an  APR  you  must 

a.  reaccomplish  the  APR. 

b.  scratch  through  the  error  and  remark  the  entry . 

c.  circle  the  block,  initial,  and  change  the  entry. 

d.  white  out  this  block,  initial,  and  change  the  entry. 

57.  (056)  What  Air  Force  Regulation  establishes  ix)licy  and  procedures  for  the  performance  appraisals  of  civilian 
personnel? 

a.  AFR  50-10.  c.  AFR  50-561. 

b.  AFR  50-351  d.  AFR  40-452. 

58.  (056)  What  is  the  basis  of  the  duties  and  responsibilities  listed  on  the  AF  Form  1282,  Job  Performance 
Appraisal,  for  civilian  employees? 

a.  Critical  job  elements.  c.  The  unit  mission. 

b.  Noncritical  job  elements.  d.  The  projected  shop  load. 

59.  (077)  Professional  Military  Education  (PME)  is  designed  to 

a.  teach  you  about  your  AFSC. 

b.  help  you  progress  in  grade. 

c.  teach  you  about  the  Air  Force. 

d.  prepare  you  for  noncommissioned  officer  status. 

60.  (078)  Two  points  at  which  you  should  help  trainees  identify  needs  and  goals  are 

a.  formal  and  informal  counseling. 

b.  weekly  and  monthly  safety  meetings. 

c.  formal  counseling  and  shop  meetings. 

d.  orientation  and  training  evaluations. 

61 .  (079)  The  percentage  of  accidents  that  are  caused  by  physical  azards 

a.  2r^  nt.  ceix, 
b  cnt.  d.   I  :ent. 

62.  (06  ,  ■ .  ,.j  should  a  worker  repeat  orders  that  concern  jobs  that  are  particularly  hazardous? 

a.  to  provide  a  record  in  case  there  is  a  slip-up. 

b.  to  help  the  worker  understand  the  tasks  required. 

c.  To  let  the  supervisor  know  that  the  worker  understands  the  job 

d.  So  that  the  worker  and  the  supervisor  can  agree  on  what  is  to  be  done. 
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63 .  (08 1 )  The  cause  of  electric  shock  is 

a.  Power  in  the  circuit. 

b .  Resistance  of  your  body . 


c.  Current  through  your  body. 

d.  voltage  through  your  body. 


64.  (082)  Who  has  the  responsibility  for  safe  clearance  procedures? 


c    The  foreman. 
G.  '^he  supervisor. 


a.  TheBCE. 

b.  The  worke:  . 

65.  (082)  AF  Form  26  

a.  to  record  the  names  of  the  crew  that  are  performing  the  task. 

b.  only  for  protection  of  men  working  under  safe  clearance. 

c.  for  abnormal  operating  conditions  of  lines  or  equipment. 

d.  to  control  and  record  all  blocking  and  tagging. 

66.  (082)  Who  is  responsible  for  notifying  users  of  a  power  outage? 


a.  The  issuing  office  supervisor. 

b.  The  Ground  Safety  Officer. 


c.  The  Base  civil  Engineer. 

d.  The  Shop  Supervisor. 


67.  (083)  Which  of  the  following  actions  is  most  likely  to  cause  injury  to  the  palm  of  your  hand? 


a.  Using  a  sharp  tool. 

b.  Using  a  rasp  without  a  handle. 

c.  Using  a  hammer  with  a  loose  handle. 

d.  Using  a  cold  chisel  with  a  mushroomed  head. 


68.  (084)  What  type  electric  cord  must  be  installed  on  uninsulated  power  tools  and  plugged  into  what  type 
receptacle? 


a.  Two- wire  cord»  grounded  receptacle. 

b.  Three-wire  cord»  grounded  receptacle. 

c.  Two-wire  cord»  ungrounded  receptacle. 

d.  Three-wire  cord»  ungrounded  receptacle. 


69.  (085)  What  should  be  used  to  remove  metal  chips  from  a  drill  press  table? 


a. 
b. 


Hands. 
Broom. 


c.  Brush, 
d  Magnet. 


(086      -AiUiii..  t' 
b. 


.\^]c..  joints  oi  1  ends  . ye 


aid  back, 
hips  and  waist. 


c.  knees  and  hips. 

d .  ankles ,  knees ,  and  hips . 


71 .  (087)  How  many  pounds  are  most  single  ladders  designed  to  support? 


a. 
b. 


1250  lbs. 
1000  lbs. 


c. 
d. 


750  lbs. 
500  lbs. 


72.  (088)  How  far  away  from  the  structure  should  the  base  of  a  straight  ladder  be? 


a.  36  inches . 

b.  1  /4  the  length  of  the  ladder. 


c.  1/3  the  length  of  the  ladder. 

d.  It  doesn't  need  to  be  pulled  out. 
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73.  (088)  The  locking  device  is  locked  on  a  stepladder  by 

a.  engaging  the  braces. 

b.  putting  weight  on  the  back  legs. 

c.  putting  weight  on  the  front  legs. 

d.  spreading  the  back  legs  away  from  the  front  legs. 

74.  (089)  What  ladders  are  never  used  when  working  on  live  circuits? 

a.  Ladders  equipped  with  safety  shoes. 

b.  Fiberglass. 

c.  Wooden. 

d.  Metal. 

75.  (089a)  What  is  the  goal  of  the  Hazardous  Materials/Waste  program? 

a.  To  prevent  contamination. 

b.  To  prevent  electrocution. 

c.  to  prevent  jet-engine  damage. 

d.  To  prevent  accidental  explosion  of  munitions. 

76.  (089a)  What  is  the  required  action  to  take  for  spilled  liquid  chemicals? 

a.  Flush  chemicals  down  a  drain. 

b.  Dilute  chemicals  and  pour  thr:m  into  a  sewer. 

c.  Cover  chemicals  with  a  plastic  tarpaulin. 

d.  Cover  chemicals  with  an  absorbent  material. 

77.  (091)  InaClass**A"  fire,  water 

a.  has  no  effect  on  combustible  metals. 

b.  puts  out  the  fu*e  by  cooling  and  quenching. 

c.  spreads  the  fire  because  oil  floats  on  water. 

d.  provides  a  path  for  electricity  to  follow  you. 

78.  (091)  Combustible  metal  fires  are 

a.  Class  A.  c.  Class  C. 

b.  Class  B.  d.  Class  D. 

79.  (092)  How  much  of  the  oxygen  content  of  each  breath  do  your  lungs  extract? 

a.  10  percent.  c.  50  percent. 

b.  25  percent.  d.   100  percent. 

80.  (092)  The  purpose  for  keeping  a  person  lying  down  after  receiving  artificial  respiration  is  to 

a.  reduce  the  probability  of  a  stroke.  c.  avoid  heart  strain. 

b.  prevent  unconsciousness.  d.  prevent  shock. 

8 1 .  (093)  The  purpose  of  closed  chest  cardiac  .nassage  is  to  provide 

a.  artificial  blood  flow.  c.  oxygen the  victim's  lungs. 

b.  stimulation  to  the  lungs.  d.  suppk    jntal  aid  to  the  heart. 
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82.  (094)  A  victim  has  an  injury  from  which  bright  red  blood  is  being  lost.  This  injury  is 

a.  serious,  as  an  artery  has  been  punctured. 

b.  serious  as  a  major  vein  has  been  severed. 

c.  not  serious  as  a  vein  has  been  punctured. 

d .  not  serious  as  this  is  capi  llary  bleeding . 

83.  (095)  What  is  the  major  danger  of  a  sucking  chest  wound? 

a.  Bacteria.  Loss  of  blood. 

b.  Broken  bones.  d.  A  collapsed  lung. 

84.  (095)  On  a  cut  or  wound,  when  bleeding  has  been  controlled,  you  should 

a.  cover  the  wound  with  a  dressing  held  in  place  by  a  bandage. 

b.  leave  the  wound  open  so  air  can  get  to  the  wound. 

c .  apply  a  tourniquet  at  the  next  joint. 

d.  wash  the  wound  with  hot  soapy  water. 


85.  (096)  Basically,  heat  exhaustion  is 

a.  caused  by  a  loss  of  minerals. 

b.  caused  by  loss  of  body  liquids 

86 .  (097)  One  treatment  for  shock  is  to 

a.  keep  the  victim  cool . 

b.  keep  the  victim  warm. 


c.  caused  by  the  inability  to  sweat. 

d.  a  malfunction  of  the  nervous  system. 


c.  keep  the  victim  walking  around. 

d.  give  the  victim  strong  stimulants 


END  OF  EXERCISE 
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Preface 


THIS  SECOND  volume  of  CDC  54250,  ELECTRICIAN,  is  concerned  primarily  with  the 
installation  and  maintenance  of  interior  electrical  systems.  However,  information  is  also 
included  on  tools  and  supplies.  This  volume  covers  electrician's  hand  and  power  tools; 
electrical  and  electronic  principles;  electrical  materials  and  devices  used  for  interior 
electrical  systems  installation  of  service  and  distribution  panels;  circuit  installation  with 
nonemtallic  cable,  circuit  installation  with  conduit,  planning  and  laying  out  work;  meters 
aiid  test  equipment;  and  interior  electrical  system  maintenance,  troubleshooting,  and 
repair. 

Foldouts  1  and  2  are  printed  and  bound  in  the  back  of  the  volume. 

Code  numbers  appearing  on  figures  are  fo.'  preparing  agency  identification  only  and 
should  be  of  no  concern  to  the  student. 

The  inclusion  of  names  of  any  specific  commercial  product,  conunodity,  or  service  in 
this  publication  is  for  information  purposes  only  and  does  not  imply  indorsement  by  the 
Air  Force. 

Direct  your  questions  or  conunents  lelating  to  the  accuracy  or  currency  of  this  volume 
to  the  course  author:  3770  TCHTG/TTGIE,  ATTN:  MSgt  Jerome  E.  Pollock,  Sheppard 
AFB  TX  76311-  If  you  need  an  immediate  response,  call  the  author,  AUTOVON 
73^2087  or  736-6283,  between  0800  and  1600  (CST),  Monday  through  Friday. 
(NOTE:  Do  not  use  the  suggestion  program  to  submit  changes  or  corrections  for  this 
course). 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECI's 
instructional  aids  (Your  Key  to  a  Successful  Course,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer, 
training  officer,  or  NCO,  as  appropriate.  If  this  person  can't  answer  your  questions,  send 
them  to  ECI,  Gunter  AFS  AL  36118,  preferably  on  ECI  Form  17,  Student  Request  for 
Assi3tance. 

This  volume  is  valued  at  54  hours  (18  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  January 
1982. 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  is  developed  by  si  series  of  Learning  Objectives.  Each  of  these  carries 
a  three-digit  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  for  you.  The  text  that  follows  the 
objective  gives  you  the  information  you  need  to  reach  that  goal.  The  exercises  following  the  information  ^ve 
you  a  check  on  your  achievement.  When  you  complete  them,  see  if  your  answers  match  those  in  the  back  of  this 
volume.  If  your  response  to  an  exercise  Is  incorrect,  review  the  objective  and  Its  text. 


Basic  Electricity 


MOST  OF  US  know  something  about  electricity  because 
electrical  devices  and  **rpliances  havt  be'  Dme  .  part  of  our 
eveiyda.v  iii'c.  We  flip  a  switch  aiiti  a  lamp  gives  us  ligSil. 
We  turn  a  radio  knob  and  hear  music.  We  turn  on  an  electric 
fan  or  a  washing  machine  and  parts  begin  to  move.  We 
Icnow,  then,  that  wc  can  put  electrical  energy  to  work. 

All  of  the  things  just  mentioned  are  common,  everyday 
occurrences.  In  fact,  they  are  so  common  that  we  seldom 
stop  to  ask  how  they  are  possible.  The  answer  is  quite 
simple  and  very  interesting. 

In  this  chapter  we  will  discuss  the  principles  of  electricity 
and  electrical  terms,  such  as  voltage,  current,  resistance, 
magnetism,  and  electromagnetism.  It  will  also  include 
direct  and  alternating  current  circuits,  power  sources, 
transformer  theory,  and  solid-stat^^  devices. 

1*1.  Electrical  Principles 

All  activity  that  takes  place  in  any  type  of  electrical 
circuit  depends  on  the  behavior  of  tiny  electrical  charges 
called  electrons.  To  understand  the  behavior  of  electrons, 
you  must  first  understand  the  nature  oi' matter.  Hence,  your 
first  step  in  the  study  of  electricity  involves  learning  how 
elections  fit  into  the  world  of  physical  things  that  surround 
us. 

200.  Descril>e  matter,  differentiate  between  compounds 
and  mixtures,  and  specify  what  makes  electrical 
current. 

Matter.  Have  you  ever  considered  that  everything 
around  you,  even  the  air  you  breathe,  occupies  space  and 
has  weight?  Anything  that  meets  this  description  is  called 
matter.  With  diis  definition,  you  would  be  hard  pressed,  in 
fact  it  is  impossible,  to  name  a  physical  substance  or  object 
that  is  not  matter.  Coal,  water,  wood,  gas — all  are 
examples  of  matter. 

Just  what  makes  up  matter?  Matter  is  made  up  of  very 
small  units  called  molecules.  The  molecules  are  made  up  of 
atoms.  The  atoms,  in  turn,  are  made  up  of  minute  particles 
called  protons,  neutrons,  and  electrons. 

Elements.  Not  only  does  matter  consist  of  the  minute 
particles  mentioned  in  the  preceding  paragraph,  but  it  can 
also  be  stated  that  all  matter  is  composed  of  elements. 
Elements  are  the  so-called  building  blocks  of  nature.  They 
cannot  be  divided  or  reduced  to  a  simpler  substance  by 
chemical  means.  Examples  of  elements  are  pure  iron,  gold. 


silver,  copper,  hydrogen,  and  oTiygen.  There  are  some  100 
p»us  naturai  elements  known  to  humankind.  All  of  the 
ramiliar  Stibsiances  in  our  universe  are  composed  either  of 
these  elements  or  of  combinations  of  them  There  are  about 
a  dozen  other  elements  that  have  been  piepared 
synthetically  (manmade)  in  laboratories. 

Elements  may  be  combined  in  two  different  ways,  either 
in  compounds  or  mixtures.  A  compound  is  a  combination  of 
elements  that  can  be  separated  only  by  chemical  means.  An 
example  of  a  familiar  compound  is  pure  water  (which  is 
composed  of  the  elements  hydrogen  and  oxygen).  A 
mixture,  on  the  other  hand,  is  a  combination  of  elements  or 
compounds  that  can  be  separated  by  physical  means. 
Examples  of  mixtures  are  brass  (a  mixture  of  copper  and 
zinc)  and  air  (a  mixture  of  nitrogen,  oxygen,  carbon 
dioxide,  and  several  other  gaseous  substances). 

Molecules.  We  find  that  a  drop  of  water  can  be  divided 
into  many  small  parts.  In  faci,  it  can  be  divided  until  the 
parts  are  no  longer  visible,  yet  each  part  still  retains  the 
characteristics  of  the  original  dit>p.  The  smallest  part  of  a 
substance  that  has  all  the  characteristics  of  that  substance  is 
called  a  molecule.  A  single  drop  of  water  is  made  up  of 
many  millions  of  molecules,  as  are  all  other  substances. 

A  molecule  of  water  is  expressed  chemically  as  H^O, 
meaning  that  each  molecule  is  composed  of  two  distinct 
elements.  H^O  stands  for  the  combination  of  two  parts  of 
the  element  hydrogen  (H^O)  and  one  part  of  the  element 
oxygen  (O).  The  water  molecule  has  a  very  simple 
structure,  consisting  of  only  two  common  elements. 
Molecules  of  other  substances  may  be  more  complex, 
sometimes  consisting  of  several  elements.  Just  what  makes 
up  molecules?  Perhaps,  more  specifically,  we  should  ask 
what  elements  make  up  molecules? 

Atoms.  The  individual  elements  that  combine  to  form 
molecules  are  made  up  of  atoms.  For  a  long  time  it  was 
though  that  the  atom  was  the  smallest  subdivision  of  matter. 
However,  in  recent  years  the  electron  theory  has  been 
advanced;  it  helps  to  explain  many  electrical  and  chemical 
phenomena.  According  to  the  electron  theory,  atoms  are 
composed  of  minute  units  called  protons,  neutrons,  and 
elections.  Furthermore,  all  the  atoms  that  make  up  a 
particular  element  are  identical  in  their  structure.  The 
reason  for  the  different  types  of  elements  then — why  iron 
differs  from  oxygen,  for  example — is  that  the  protons, 
neutrons,  and  electrons  differ  in  number  and  are  arranged 
differently  within  the  atoms  of  each  element. 
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Each  proton  and  each  electron  carries  an  electrical 
charge — protons  carry  a  positive  charge,  whereas  electrons 
carry  a  nefative  charge.  The  neutrons  carry  no  charge.  The 
electron  theory  explains  that  all  atoms  are  similarly 
constructed  of  a  central  nucleus  and  orbitinp,  electrons.  The 
protons  and  neutrons  arc  contained  in  a  closely  packed 
nucleus  in  the  center  of  the  atom.  The  elecirons  spin  around 
the  nucleus  in  much  the  same  manner  that  the  planets  move 
around  the  sun. 

You  may  recall  from  your  high  si:hool  science  that  our 
solar  system  has  nine  planets  that  revolve  around  the  sun. 
In  the  same  manner,  one  atom  may  nine  electrons 

spinning  around  its  nucleu.s;  other  atoms  may  have  more  or 
fewer  electrons. 

Figure  l-I  shows  you  the  atomic  structure  ot  four 
common  atoms.  Notice  that  tne  structure  of  each  is  similar 
and  can  be  compared  with  our  planet  earth  and  its 
relationship  with  the  sun.  The  hydrogen  atom,  as  shown  in 
the  figure,  is  the  simplest  of  all  atoms.  It  contains  one 
electron  revolving  around  one  proton,  which  acts  as  a 
nucleus.  Because  the  negative  charge  of  the  electron  is 
equal  to  the  positive  charge  of  the  protn,  the  atom  is 
electrically  balanced  or  neutral.  For  simplification,  only  the 
charged  units  (proton  and  electron)  of  the  atom  are  shown  in 
the  illustration.  However,  as  we  previously  discussed,  the 


nucleus  of  all  atoms  contains  neutrons  as  well  as  protons.  A 
proton  is  said  to  weigh  many  times  (about  1 840  times)  more 
than  an  electron. 

Take  a  look  at  the  helium  atom  in  figure  1-1 .  You  notice 
that  the  nucleus  contains  two  protons.  The  positive  charges 
of  these  two  protons  are  balanced  by  the  negative  charges  of 
the  two  revolving  electrons,  and  the  electricjal  charge  of  the 
entire  atom  is  neutral.  Atoms  of  other  elements  are  more 
complex  than  the  hydrogen  and  helium  avoPis.  For 
example,  look  at  the  lithium  atom  showr  in  figure  l-l. 
Notice  that  then*  arc  three  electrons  revoiving  around  the 
nucleus  in  two  dilleicnt  i)aihs  or  orbits.  An  even  more 
complex  atom,  the  carbon  atom,  is  also  shown  io  the  figure. 
It  has  six  electrons  revolving  aiound  the  nucleus  in  two 
different  paths. 

The  four  common  atoms  shown  in  figure  I  - 1  illustrate  the 
electron  theory  that  the  only  difference  in  atoms  of  the 
various  elenicnts  is  in  the  number  and  airimgement  of  the 
protons,  neutrons,  and  electrons.  In  some  elements,  the 
electrons  in  the  outer  paths  are  called  free  electrons  because 
they  can  be  dislodged  from  the  reguhu*  path  and  be  made  to 
move  from  one  atom  to  another.  It  is  the  movement  or 
displacement  of  these  free  electrons  that  gives  us  electrical 
energy. 


CARBON  ATOM  LITHIUM  ATOM 

EA-018 


figure  I-l .  Structure  of  common  atoms. 
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Electron  Flow.  Electrons  moving  or  flowing  through  a 
conductor  (wire)  are  called  an  electric  current.  The  electric 
current  always  flows  from  a  point  of  negative  potential 
(excess  of  electrons)  to  a  point  of  positive  potential 
(deficiency  of  electrons). 

Current  flowing  through  a  conductor  may  be  compared  to 
water  flowing  through  a  pipe.  If  wc  have  a  pipe  full  of  water 
and  pump  in  more  water  at  one  end,  water  is  forced  out  of 
the  other  enJ.  If  a  copper  wire  containing  billions  of  free 
electrons  in  the  outer  paths  of  the  copper  atoms  has 
electrons  forced  into  one  end  pf  the  wire,  electrons  are 
forced  out  of  the  other  end.  The  excess  of  electrons  at  one 
end  forces  an  electron  away  from  a  nearby  atom 'and  causes 
it  to  crowd  an  electron  away  from  the  next  atom,  and  so  on. 
This  electron  flow  principle  is  illustrated  in  figure  1-2. 
Imagine  an  almost  instantaneous  shift  of  billions  upon 
billions  of  free  electrons  throughout  the  entire  length  of  the 
conductor,  and  it  is  not  difficult  to  picture  the  electric 
current.  Science  tells  us  that  current  (electron  flow)  flows 
through  a  conductor  at  the  speed  of  light  ( 1 86,(X)0  miles  per 
second). 

Exercises  (200): 

1 .  What  are  known  as  the  building  blocks  of  nature? 


2.  Describe  matter. 


3.  With  what  is  current  flowing  through  a  conductor 
compared? 


4.  Water  is  expressed  chemically  as  H^O.    Of  what 
elements  is  it  composed? 


5.  Explain   the   difference   between   compounds  and 
mixtures. 


ENLARGED  SECTION  OF  COPPER  WIRE^  EA-019A 


Figure  1-2.  Electron  movement  in  a  conductor. 
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6.  What  is  the  smallest  pan  of  a  substance  that  has  all  the 
characteristics  of  that  substance  called? 


7.  What  are  the  elements  called  that  form  molecules? 


8 .  Electrical  current  is  composed  of  what? 


201.  Define  voltage,  indicate  the  effects  of  current,  and 
specify  the  unit  of  measurement  for  resistance. 

Fundamentals  of  Electricity.  There  are  three 
fundamental  factors  that  must  be  present  before  you  can 
have  an  operating  electrical  circuit — voltage,  current,  and 
resistance.  If  you  understand  the  relationships  among  these 
three  units,  then  you  have  a  good  foundation  toward 
understanding  and  increasing  your  knowledge  of 
electricity.  This  objective  is  devoted  to  a  discussion  of 
electrical  units. 

Voltage,  Just  as  you  need  a  pump  of  some  sort  to  keep 
water  flowing  through  a  pipe,  an  electrical  pressure  is  also 
needed  to  make  current  flow  through  a  conductor.  The 
pump  that  produces  this  pressure  may  be  a  battery  or  an 
electric  generator  that  can  produce  a  potential  difference  in 
the  conductor.  Water  pressure  is  measured  in  pounds  per 
square  inch;  electrical  nressure  is  measured  in  volts.  One 
volt  is  the  electrical  pressure  required  to  force  1  ampere  of 
current  through  a  resistance  of  I  ohm.  Electrical  pressure, 
electromotive  force  (EMF),  and  potential  difference  are 
used  interchangeably;  they  all  mean  the  same  thing — 
voltage.  The  basic  unit  of  measurement  for  voltage  is  the 
volt. 

The  voltage  of  an  ordinary  dry  cell  battery,  such  as  a 
flashlight  battery,  is  1.5  volts.  The  voltage  for  most 
domestic  electrical  service  is  about  120  volts.  When  voltage 
is  applied  to  a  circuit,  a  certain  amount  of  current  will  flow 
through  the  circuit.  If  the  voltage  is  increased,  then  the 
cunent  flow  will  increase  in  direct  proportion  to  the 
voltage. 

Current.  You  have  already  learned  that  current  flow  is 
simply  the  movement  of  electrons  through  a  conductor. 
Electric  current  and  some  of  its  effects  were  discovered 
long  before  the  electron.  The  fact  that  current  flow  through 
a  circuit  was  in  a  given  direction  was  also  known.  It  was 
this  act  that  gave  rise  to  the  concept  of  polarity. 

To  provide  a  standard  method  of  indicating  the  direction 
of  current  flow,  one  terminal  of  the  early  chemical  cell  used 
as  a  source  of  electrical  energy  was  marked  positive  (plus); 
the  other  terminal  was  labeled  negative  (minus).  It  was 
then  assumed  that  when  a  circuit  was  connected  to  the  cell 
terminals,  a  current  would  flow  through  the  circuit  from  the 
positive  terminal  to  the  negative  terminal  (plus  to  minus). 
This  theory  (conventional  current  flow),  however,  soon 
gave  way  with  the  discovery  of  the  electron.  We  now  know 


that  when  a  circuit  is  connected  to  the  terminals  of  a 
battery,  current  flows  through  the  circuit  from  the  negative 
terminals  to  the  positive  terminal  (electr^,n  flow  theory). 

Current  has  four  effects — heat,  magnetism,  chemical 
action,  and  physical  shock.  Current  always  produces  heat 
when  it  flows  through  a  conductor.  TTie  amount  of  heat 
produced  depends  on  the  material  of  the  conductor  and  on 
the  amount  of  current  flowing.  For  example,  electric  irons 
and  toasters  must  have  heating  elements  that  produce 
enough  heal  to  be  practical.  The  light  produced  by  an 
electric  lamp  is  caused  by  current  flowing  through  a 
threadlike  conductor  inside  the  lamp,  called  a  filament. 
How  er,  the  conductor  that  carries  the  current  to  the 
flla  ont  must  not  become  hot  enough  to  glow. 

Magnetism  is  produced  when  current  flows  in  a 
conductor.  This  is  a  very  important  effect,  for  it  is  the  basis 
for  millions  of  electrical  machines,  such  as  generators, 
motors,  and  electromagnets.  Without  this  effect,  there  is  no 
known  way  to  generate  electricity  cheaply  and  convert  it 
into  mechanical  energy  to  perform  work. 

Current  produces  chemical  action  when  it  flows  through 
a  liquid.  Examples  of  this  effect  are  the  charging  of  a 
storage  battery  and  the  electroplating  process.  Physical 
shock  is  the  unpleasant  and  sometimes  dangerous  sensation 
caused  by  coming  into  contact  with  a  source  of  electric 
energy.  We  often  speak  of  voltage  as  the  cause  of  shock; 
however,  the  fact  is  that  current  flowing  through  the  human 
body  produces  the  physical  shock.  The  pain  and  the 
muscular  contraction  arc  due  to  the  effect  of  current  on  the 
nerve  centers  and  on  the  nerves  themselves. 

Current  is  measured  in  terms  of  the  number  of  coulombs 
that  pass  by  a  given  point  in  1  second.  When  a  conductor  is 
connected  across  a  source  of  voltage  and  6.28  x  10'^ 
electrons  (one  coulomb)  pass  through  the  conductor  in  a 
period  of  1  second,  then  one  unit  of  current  flow  has 
occurred.  This  unit  of  current  flow  is  called  an  ampere. 

Resistance.  The  deflnition  of  resistance  means  the 
opposition  to  the  movement  of  free  electrons  through  a 
circuit  or  conductor.  The  amount  of  opposition  offered  by  a 
conductor  depends  on  the  material  of  the  conductor,  its 
length,  its  cross- sectional  area,  and  its  temperature. 

Resistance  to  electric  current  is  present  in  all  matter,  but 
one  material  may  have  much  more  resistance  than  another. 
Air,  rubber,  glass,  and  porcelain  have  so  much  resistance 
that  they  are  called  insulators  and  are  used  to  confme 
electricity  to  its  proper  circuit.  The  rubber  covering  on  the 
wires  to  an  electric  lamp  prevents  the  wires  from  touching 
each  other  and  causing  a  short  circuit.  The  rubber  also 
protects  a  person  who  is  using  the  lamp  from  receiving  an 
electric  shock.  Air  acts  as  an  insulator  whenever  a  light 
switch  is  opened.  Air  fills  the  gap  between  the  open 
contacts  of  the  switch,  and  no  current  flows  because  of  the 
high  resistance.  However,  even  air  may  act  as  a  conductor 
if  the  voltage  is  high  enough;  otherwise,  there  could  not  be 
the  discharge  that  appears  in  a  lightning  stroke. 

Metals  are  good  conductors  of  electricity,  but  some  are 
better  than  others.  Copper  and  silver  are  both  good 
conductors  of  electricity  because  of  their  relatively  low 
resistance.  Aluminum  is  not  as  good  but  is  used  for  long 
overhead  spans  because  of  its  light  weight.  Steel  is  a  poor 
conductor,  although  it  is  used  in  combination  with 
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aluminum  for  added  strength.  Alloys  of  nickel  and 
chromium  arc  used  in  heater  elements  to  provide  a  specific 
resistance  that  passes  enough  current  to  heat  the  elements  to 
a  red  glow.  The  alloy  makes  it  possible  to  operate  the 
elements  at  high  temperatures  without  melting  them .  Since 
copp*  •  is  a  good  conductor  and  is  relatively  inexpensive,  it 
is  widely  used  in  electrical  circuits.  However,  copper  is 
seldom  used  in  its  pure  form,  it  usually  is  mixed  with  other 
metals  to  form  a  copper  alloy. 

The  resistance  of  a  copper  wire  is  determined  by  three 
things — the  cross-sectional  area  of  the  wire,  its 
temperature,  and  its  length.  Since  a  wire  with  a  large 
diameter  has  a  greater  cross-sectional  area  than  a  smaller 
wire,  it,  therefore,  has  less  resistance.  A  long  wire  has  more 
resistance  than  a  short  wire.  A  cold  wire  has  less  resistance 
ihan  a  hot  wire.  The  ohm  is  the  standard  unit  of 
measuiement  for  resistance. 

Exercises  (201): 

1 .  What  is  voltage'^ 


2.  What  effects  does  current  have? 


3.  What  is  produced  when  current  passes  through  a 
conductor? 


4.  Silver  and  copper  are  considered  good  conductors 
because  of  their  low  resistance.  How  is  the  resistance 
of  a  conductor  determined? 


5.  What  is   the   standard  unit  of  measurement  for 
resistance? 


202.  DifTerentiate  between  types  of  magnets,  state 
specifled  characteristics  of  magnets^  and  define  Unes  of 
force. 

Magnets.  A  magnet  is  an  object  that  has  the  property  of 
attracting  iron  and  steel,  and,  if  permitted  to  turn  freely, 
will  rotate  to  a  definite  direction.  Magnets  attract  other 
materials,  such  as  nickel  and  cobalt,  but  not  with  as  much 
force  as  iron  and  steel.  Materials  that  can  be  attracted  by 
magnets  arc  called  magnetic  substances.  There  are  two 
principal  kinds  ox  magnets — natural  magnets  and  artificial 
magnets.  Natural  magnets  are  found  in  nature  already 
magnetized,  whereas  artificial  magnets  must  be  made  by 
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magnedziing  iron  or  steel.  Artificial  magnets  can  be  either 
permanent  or  temporary. 

Natural  magnets,  A  black  mineral  ore  called  lodestone 
or  magnetite,  found  in  plentiful  supplies  in  Asia  Minor* 
exhibits  magnetic  prc^ities.  Lodestone  is  called  a  natural 
magnet  because  it  exists  in  nature  already  magnetized. 
Historically,  lodestone  has  played  an  interesting  role.  It  was 
used  in  the  Middle  Ages  to  magnetize  compass  needles. 
Today,  however,  lodestone  has  very  little  value  as  a 
magnet,  chiefly  because  of  its  unstable  physical  structure 
and  low  magnetic  strength. 

Artificial  magnets.  Artificial  magnets  are  made  of  iix>n 
and  steel.  They  are  magnetized  by  induction  from  some 
external  object,  by  stroking  with  some  other  artificial 
magnet,  or  by  being  placed  in  the  field  of  an  electromagnet 
(electromagnets  are  described  later).  Hard  steel  will  hold  its 
magnetism  fv>r  a  long  period  of  time,  and  for  this  reason 
pemianent  nttgnets  are  made  of  hard  steel  and  other 
substances  that  have  the  same  characteristics.  They  are 
made  in  various  shq)cs.  Soft  iron  can  be  magnetized  easily 
but  loses  its  magnetism  quite  rapidly.  The  property  of  a 
substance  that  causes  it  to  remain  magnetized  is  cstlled 
retentivity,  and  the  magnetism  that  remains  is  called 
residual  magnetism.  Steel  has  high  retentivity,  whereas 
that  of  soft  iron  is  low. 

Lines  of  force.  It  is  a  fact  that  magnetic  lines  of  force 
surround  the  earth  in  much  the  same  way  that  lines  of  force 
surround  a  bar  magnet.  Also,  the  earth  has  two  magnetic 
poles,  one  near  the  geographic  North  Pole  and  the  other 
near  the  geographic  South  Pole.  These  are  facts  responsible 
for  our  most  important  navigational  instrument — the 
magnetic  compass.  Dating  back  to  the  Middle  Ages,  the 
magnetic  compass  is  still  the  most  widely  used  navigational 
instnmient.  Basically,  it  is  an  artificial  magnet  mounted  in 
such  a  way  that  it  aligns  itself  with  the  earth's  magnetic 
lines  of  force,  with  one  end  of  the  magnet  always  pointing 
toward  magnetic  north. 

When  a  bar  magnet  is  dipped  into  iron  filings,  a  large 
number  of  filings  will  cling  to  the  magnet  near  its  ends,  but 
few  will  attach  themselves  to  the  magnet  near  its  center. 
This  action  indicates  that  the  magnetism  is  concentrated  at 
the  two  ends.  These  ends  are  called  the  poles  of  the  magnet. 
The  niagnetic  strengths  of  the  two  poles  of  any  magnet  are 
equal.  A  magnet,  free  to  rotate,  will  always  turn  to  a  north* 
south  direction,  aligning  itself  with  the  earth* s  magnetic 
field.  The  pole  of  the  magnet  that  always  turns  toward  the 
north  is  called  the  north-seeking  pole,  or  simply  the  north 
pole  (N);  the  pole  at  the  opposite  end  is  called  the  south- 
seeking  pole,  or  south  pole  (S). 

Placing  a  sheet  of  glass  or  some  other  nonmagnetic 
substance  over  a  magnet  and  sprinkling  iron  filings  on  it 
will  provide  you  a  means  of  observing  the  configuration  of 
the  magnetic  field.  If  you  t^>  the  glass,  the  filings  will  aline 
themselves  into  chains  or  lines,  producing  a  facsimile  of  the 
magnetic  field  itself.  At  any  particular  point  in  the  space 
around  the  magnet,  there  is  a  state  of  stress  that  exerts  a 
force  on  any  pole  brought  into  the  vicinity  of  the  magnet. 
The  direction  that  such  a  force  takes  indicates  the  direction 
of  the  magnetic  field  at  that  point,  and  lines  connecting  the 
direction  of  the  field  at  a  series  of  points  form  lines  called 


lines  of  force.  It  is  along  these  lines  of  force  that  iron  filings 
align  themselves. 

Figure  1-3  shows  the  theoretical  lines  of  force  about  a  bar 
nuignet  and  a  U-shaped  magnet.  Lines  of  force  travei  from 
the  N-pole  to  the  S-pole,  have  only  one  direction  at  a  given 
point,  and  form  closed  loops.  The  path  of  each  loop  is  from 
the  N-pole  to  die  S-pole  in  space,  and  through  the  magnet  to 
the  N-poIe.  When  two  magnets  are  brought  together,  the 
fields  of  stress  interact,  causing  repulsion  or  attraction, 
depending  upon  the  polarity  of  the  poles. 

Esesrclses  (292): 

1.  What  is  the  difference  between  the  two  types  of 
magnets? 


2.  What  is  meant  by  the  lines  of  force  around  a  magnet? 


3.  Why  does  lodestone  have  little  value  as  a  magnet 
today? 
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Figure  1-3.  Lines  of  force. 
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4.  From  what  material  is  a  permanent  magnet  made? 
Explain  why. 


5.  What  direction  will  a  magnet  turn  when  free  to  rotate? 


6.  What   happens   when   two   magnets   are  brought 
together? 


203.  Identify  electromagnetism  and  magnetic  circuit. 

Electromagnetism.  Over  a  century  ago.  Oersted,  a 
Danish  physicist,  discovered  the  fact  that  a  current-carrying 
conductor  is  surrounded  by  a  magnetic  field.  He  also 
discovered  that  the  magnetic  field's  strength  diminishes 
directly  as  the  distance  from  the  center  of  the  conductor 
increases  and  that  lines  of  force  form  about  the  conductor.  * 

Lines  offeree  in  a  conductor.  The  lines  of  force  about  a 
current-carrying  conductor  travel  in  either  a  clockwise  or  a 
counterclockwise  direction,  depending  upon  the  direction 
of  electron  flow.  For  example,  at  A  in  figure  1-4,  the 
electrons  are  moving  into  the  page.  In  this  case,  the 
direction  of  the  field  about  the  conductor  is 
counterclockwise.  At  B,  the  electrons  are  moving  out  of 
the  page  and  the  direction  of  the  field  is  clockwise.  To 
determine  the  direction  of  the  lines  of  force  about  any 
conductor,  use  the  left-hand  thumb  rule,  which  states  that  if 
you  grasp  a  conductor  with  your  left  hand  in  such  a  manner 
that  your  thumb  points  in  the  direction  of  electron  flow, 
your  fingprs  will  indicate  the  direction  of  the  lines  of  force, 
as  shown  in  figure  1-4.  If  you  bend  a  straight  conductor 
into  a  single  turn  loop,  as  is  shown  in  figure  1-5,  the  lines  of 
force  will  concentrate  within  the  loop.  This  concentration  is 


due  to  the  fact  that  all  lines  of  force  enter  the  loop  from  one 
side  and  leave  it  at  the  other.  If  you  wind  several  turns  of 
wire  close  together  into  the  form  of  a  coil,  the  magnetic 
fields  about  each  turn  will  all  have  the  same  direction. 

When  current  flows  through  this  wire,  the  coil  (or 
solenoid)  is  surrounded  by  a  magnetic  field  like  that  shown 
in  figure  1-6.  One  end  of  this  coil  is  called  the  north 
magnetic  pole,  and  the  other  end  the  south  magnetic  pole. 
To  determine  the  polarity  of  a  coil,  use  the  left-hand  rule 
(fig.  1-7)  as  follows:  Grasp  the  coil  with  the  left  hand  so 
that  the  fingers  point  in  the  direction  of  electron  flow,  and 
note  the  direction  the  thumb  points.  This  direction  is  the 
north  pole.  Inserting  a  soft  iron  core  into  a  solenoid  greatly 
increases  the  number  of  magnetic  lines  of  force.  This 
increase  in  magnetic  lines  is  not  caused  by  an  increase  in 
the  intensity  of  the  field,  but  from  additional  lines  produced 
by  the  magnetization  of  the  iron  core . 

Magnetic  circuits.  Because  magnetic  lines  of  1^*4.:^'*  form 
closed  loops,  the  path  that  the  flux  loops  follow  is  called  a 
magnetic  circuit.  Electrical  circuits  and  magnetic  circuits 
have  many  similarities.  The  force  that  produces  a  flow  of 
electrons  in  an  electrical  circuit  is  the  electromotive  force 
(EMF).  In  the  magnetic  circuit,  the  force  that  produces  the 
flux  is  called  the  magnetomotive  force  (MMF).  Similarly, 
just  as  resistance  opposes  the  flow  of  current  in  an  electrical 
circuit,  reluctance  opposes  the  magnetic  flux  in  a  magnetic 
circuit.  Also,  just  as  conductance  indicates  the  ease  with 
which  electrical  current  flows,  permeability  indicates  the 
ease  with  which  magnetic  lines  of  force  flow  in  a  magnetic 
circuit. 

Exercises  (203): 

Mark  the  following  statements  either  true  (T)  or  false  (F)  in 
the  space  provided.  If  a  statement  is  false,  explain  why  it  is 
incorrect. 

 1 .    When  a  soft  iron  core  is  inserted  into  a 

solenoid,  the  lines  of  force  will  increase. 

 2.    In  a  magnetic  circuit  the  force  that  produces  the 

flux  is  called  the  electromotive  force. 


MAGNETIC  FIELD  FLOW 


Figure  1-4.  Direction  of  electron  flow. 
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Fig\ire  1-5.  Magnetic  field  about  a  loop. 

 3.    When  you  place  your  left  hand  around  a  coil 

with  the  fingers  pointing  in  the  direction  of 
electron  flow,  your  thumb  will  point  to  the 
north  pole. 

 4.    When  current  is  flowing  through  a  single-loop 

conductor,  the  magnetic  lines  of  force  are 
concentrated  to  the  outside  of  the  loop. 

 5.    The    magnetic   field's    strength  diminishes 

directly  as  the  distance  from  the  center  of  the 
conductor  increases. 

204.  Specify  characteristics  of  direct  and  alternating 
current. 

Dynamic  Electricity.  Electricity  in  motion  is  called 
dynamic  electricity.  You  previously  learned  that  current 
flow  is  simply  the  movement  of  electrons  through  a 
conductor.  Therefore,  any  time  electrons  flow  through  a 
conductor,  dynamic  electricity  is  at  worlc.  If  the  electrons 
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Figure  1-7,  Dctennining  the  polarity  of  a  coil. 

move  in  one  direction  through  the  conductor,  we  have 
direct  current  (DC).  If  they  move  back  and  forth  through 
the  conductor  at  a  specific  interval,  we  have  alternating 
current  (AC). 

Direct  current.  Thus  far  in  our  discussion,  electric 
current  has  been  'understood  as  a  steady  flow  of  electrons, 
caused  by  a  voltage  applied  to  a  cLcuit.  Furthermore,  we 
said  that  current  flows  from  a  negative  potential  to  a 
positive  potential,  or  that  there  is  a  steady  flow  in  one 
direction  only.  This  type  of  current  is  Icnown  as  direct 
current.  There  arc  many  uses  for  which  only  direct  current 
is  suitable,  such  as  battery  charging,  electroplating,  and 
certain  electronic  circuits. 

Certain  electrical  circuits  make  use  of  a  particular  type  of 
direct  current,  called  pulsating  direct  current.  A  pulsating 
direct  current  is  obtained  by  using  specially  designed 
switches  tfiat  alternately  turn  a  direct  current  off  and  on, 
causing  the  current  to  flow  in  pulses.  The  auto  mobile 
ignition  coil  circuit  is  a  good  example  of  pulsating  direct 
current.  Each  time  the  ignition  points  close,  a  short  pulse  of 
direct  current  flows  through  the  ignition  coil.  The  current 
pulses  always  flow  in  the  same  direction. 

Alternating  current.  A  current  which  flows  first  in  one 
direction  and  then  reverses  and  flows  in  the  opposite 
direction  is  an  alternating  current.  One  direction  is  called 
positive  (+)  and  the  other  is  called  negative  (~). 

Alternating  current  cannot  be  obtained  from  batteries.  It 
originates  from  a  mechanical  device  called  a  generator  or 
alternator. 

Exercises  (204): 

1.  Define  direct  current. 


2.  Define  alternating  current. 


Figure  1-6.  Magnetic  field  produced  by  a  coil. 
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1-2.  DC  Circuits 


In  order  for  current  to  flow,  two  things  are  essential: 
there  must  be  a  source  of  electrical  pressure  (voltage),  and 
there  must  be  a  complete  circuit.  The  source  of  voltage  may 
be  a  battery,  a  generator,  or  some  other  device.  The 
complete  cirruit  requirement  means  that  there  must  be  a 
complete  path  from  the  negative  terminal,  through  the  load, 
and  back  lu  ihe  positive  terminal  of  the  source.  The 
complete  path  should  allow  the  electrons  to  flow  freely  to 
the  load,  do  their  work  in  the  load,  and  then  move  freely 
back  to  the  source  without  straying  off  into  other  loads  or 
doing  any  unnecessary  work.  In  this  section,  wc  will 
discuss  the  relationship  of  voltage,  current,  and  resistance! 
and  the  application  of  Ohm's  law  in  solving  DC  circuit 
problems. 

205.  Identify  the  relationship  of  resistance,  current,  and 
voltage,  and  solve  gi\en  DC  series  circuit  problems 
using  Ohm's  law. 

Ohm's  Law.  There  is  a  defmite  relationship  between  the 
voltage,  current,  and  resistance  of  any  circuit  or  part  of  a 
circuit.  If  the  voltage  is  increased,  the  current  increases 
proportionately;  if  the  resistance  is  increased,  the  current 
decreases  proportionately.  We  will  discuss  the  basic  law  on 
which  this  relation  is  based.  We  use  the  law  to  compute 
quantities  of  voltage,  current,  and  resistance  in  a  basic 
electrical  circuit. 

A  German  scientist.  Ohm,  developed  a  law  for  the 
quantities  of  a  circuit  as  follows:  1  volt  is  the  pressure 
required  to  force  1  ampere  of  current  through  a  resistance  of 
I  olrni.  Ohm's  law,  simply  stated,  is  as  follows:  **For  any 
circuit  or  part  of  a  circuit,  the  current  in  amperes  is  equal  to 
the  EMF  in  volts  divided  by  the  resistance  in  ohms."  This 
means  that  if  the  voltage  and  resistance  are  known,  the 
current  may  be  determined  by  dividing  the  voltage  value  by 
the  resistance.  The  equation  below  expresses  this 
relationship: 

Current  =  ^i2!iBfi£- 
resistance 

Also,  the  values  of  voltage  nd  resistance  can  be  found  if 
any  two  values  are  known.  The  following  equations  show 
this: 

Resiscance  = 

current 

Volugc  =  current  x  resistance 

Using  the  symbols  for  current  (I),  voltage  (E),  and 
resistance  (R),  Ohm's  law  can  be  stated  as  follows: 

If  you  look  at  figure  1-8,  item  A,  you  will  see  the  Ohm's 
law  circle.  It  is  very  helpful  to  remember  the  above 
equations. 

An  example  of  the  application  of  the  Ohm's  law  formula 
is  as  follows: 


FOR  CURRENT 


EF-OOl 


Figure  1-8.  Ohm's  law  circle. 

A  circuit  has  an  applied  voltage  of  120  volts  and  a 
resistance  of  20  ohms.  To  find  the  current  flow,  simply 
apply  Ohm's  law  as  follows: 

E  of  120  volts      ,   ,  ^ 

R  of  20  ohms  -        6  amperes 

If  a  circuit  has  an  applied  voltage  of  120  volts  and  a 
current  flow  of  2  amperes,  the  resistance  is  determined  by 
the  following  application  of  Ohm's  law: 


E  of  120  volts 
1  of  2  amperes 


R  of  60  ohms 


To  find  the  applied  voltage  of  a  circuit  if  the  current  and 
resistance  are  known,  find  the  product  of  the  current  and 
resistance  as  follows: 

1  of  2  amperes  x  R  of  60  ohms  =  E  of  1 20  volts 

Application  of  Ohm's  Law  to  Direct  Current  Series 
Circuits.  In  any  practical  circuit,  certain  components  arc 
necessary.  For  a  basic  series  circuit,  the  components 
required  are  a  source  of  power,  conductors,  a  fuse  or  other 
protective  device,  a  switch,  and  a  unit  of  resistance. 

A  series  circuit  is  defined  as  **a  circuit  which  has  only 
one  path  of  current  flow."  In  other  words,  in  a  series  circuit 
the  units  are  connected  one  after  another  so  that  the  circuit 
current  must  flow  through  each  unit.  Figure  1-9  shows  the 
arrangement  of  a  series  circuit. 

Each  electrical  circuit  has  certain  operating 
characteristics.  The  three  characteristics  of  a  series  circuit 
arc  as  follows: 

•  The  total  rcsistance  is  the  sum  of  the  individual  resistors. 

•  The  same  current  flows  in  each  part  of  the  circuit. 

•  The  applied  voltage  will  divide  among  the  resistors 
according  to  their  resistance. 

To  apply  the  characteristics  of  a  series  circuit,  consider 
the  circuit  in  figure  MO.  It  has  a  120-volt  source  of  power. 
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Figure  1-9.  Arrangement  of  units  in  a  senes  circuit. 

a  fiise,  a  switch,  and  two  30-ohm  resistors  in  series.  Since 
the  total  resistance  of  a  series  circuit  is  equal  to  the  sum  of 
the  resistors,  then  the  total  for  this  circuit  is  30  ohms  plus  30 
ohms,  or  a  total  of  60  ohms.  Knowing  the  total  voltage  ( 1 20 
volts)  and  the  total  i^istance,  we  can  now  find  the  total 
cunent  flow  by  the  use  of  Ohm's  law.  Using  the  equation 
E/R  =  I,  the  problem  is  solved  as  follows: 


120  volts 


2  iinpcrr< 


60  ohms 

We  find  that  2  amperes  of  current  will  flow  in  the  circuit 
when  the  switch  is  closed.  Since  the  same  current  flows  in 
each  part  of  a  series  circuit,  a  current  of  2  amperes  will  flow 
through  each  of  the  two  resistors.  To  see  how  the  voltage 
divides  among  the  resistors,  use  Ohm*s  law  again.  At  each 
resistor  of  30  phn^s,  we  now  have  a  current  flow  of  2 
amperes.  To  solve  for  the  voltage  used  at  each  resistor 
(voltage  dn^),  use  the  equation  I  x  R  =  E  as  follows: 

2  ampeies  x  30  ohms  «  60  volts 

Note  that  this  is  the  same  for  each  resistor.  This  is 
because  the  resistance  is  the  same  in  both.  Figure  1-11 
shows  how  voltage  divides  among  unequal  resistors  in  a 
series  circuit.  Note  that  the  unit  with  the  most  resistance 
uses  most  of  the  voltage. 

Exercises  (205): 

1 .  What  is  the  relationship  of  the  current  to  the  voltage 
and  resistance  in  a  DC  circuit  as  given  in  Ohm's  law? 


RESISTOR 


EC-173S 

Figure  1-10.  Series  circuit  with  equat  resistors. 
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Rgiirc  l-M  .  Sf^rics  cir^v!!'  with  une<|ual  resistors. 

2.  Show  the  Ohm's  law  equation  and  the  solution  to  the 
following  problems: 

a.  Voltage  =  90,  current  =  30,  R  =  ? 


b.  Voltage  =  ?;  current  =  2;  and  resistance:  R,  =  7, 
R2  =  5. 


c.  Voltage  =  24;  cunent  =  ?;  resistance:  R,  =  10, 
R^  =  8,  R3  =  6. 


3.  Compare  the  relationship  of  resistance,  cunent,  and 
voltage  of  a  DC  series  circuit. 


206.  From  gi^en  informaUon,  soive  DC  parallel  and 
series-  pnrallel  circuit  proMetns. 

DC  Parallel  Circuits.  Nearly  all  power  circuits  and 
interior  lighting  circuits  are  parallel;  therefore,  you  must 
throughly  understand  parallel  circuits.  Parallel  circuits, 
sometimes  called  multiple  or  shunt  circuits,  are  circuits  in 
which  the  components  (units)  are  arranged  in  such  a  manner 
ttiat  the  current  divides  between  them.  Thus,  there  are  as 
many  paths  for  the  cunent  to  follow  as  there  are  conductors. 
Unlike  a  series  circuit,  a  parallel  circuit  has  two  or  more 
paths  for  current  to  flow . 

If  you  examine  figure  1-12,  it  is  apparent  that  the  same 
voltage  that  is  applied  to  resistor  Rl  is  also  applied  to  R2 
and  R3.  This  is  tnie  because  the  conesponding  points  of 
each  resistor  are  connected  to  the  same  points,  "A"  and 
•*B,'*  and  the  same  difference  of  potential  must  exist 
between  these  points  for  all  three  resistors.  This  illustrates 
the  first  law  of  a  parallel  circuit.  This  law  states:  In  a 
parallel  circuit  the  same  voltage  is  applied  across  each 
tlement. 

If  an  additional  path  is  provided  for  cunent  to  flow  in  a 
circuit,  the  total  current  in  the  circuit  must  be  the  original 
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Figure  I-I2.  Parallel  circuit 


plus  that  of  the  additional  path.  In  figure  1-12,  if  only  Rl  is 
connected  to  the  6- volt  source,  it  can  be  determined  by 
Ohm's  law  (I  =  E/R)  that  the  current  is  2  amperes  (6 
divided  by  3).  When  R2  is  added,  the  same  voltage  is 
applied  to  it  as  was  applied  to  Rl .  The  current  through  R2 
must  equal  3  amperes  (6  divided  by  2).  The  total  current 
flowing  from  the  source  is  now  5  amperes  (2  +  3).  ^yhen 
R3  is  added,  the  total  current  is  then  8  amperes  (2  +  3  4^  3). 
From  these  results,  this  rule  of  a  parallel  circuit  may  be 
stated:  The  total  current  in  a  parallel  circuit  is  equal  to  the 
sum  of  the  current  flow  in  the  individual  branches. 

When  the  total  current  in  the  circuit  and  the  applied 
voltage  are  known,  the  joint  or  combined  resistance  may  be 
calculated  by  use  of  Ohm's  law  (R  =  E  divided  by  I).  The 
total  resistance  is  0.75  ohms  (6  divided  by  8).  From  this 
result,  another  rule  for  parallel  circuits  may  be  stated.  The 
joint  resistance  of  a  parallel  circuit  is  equal  to  the  applied 
voltage  divided  by  the  total  current.  Compare  the  joint 
resistance  with  the  individual  resistance  of  Rl ,  R2,  or  R3. 
Joint  resistance,  in  this  case,  equals  .75  ohms  and  is  less 
than  either  Rl,  R2,  or  R3.  Always  remember  that  in  a 
parallel  circuit  the  combined  or  joint  resistance  of  the 
circuit  is  less  than  the  resistance  of  the  smallest  element. 

It  would  be  very  helpful  for  you  to  establish  the  following^ 
laws  of  a  parallel  circuit  firmly  in  your  mind: 

•  In  a  parallel  circuit,  the  same  voltage  is  applied  across 
each  element. 

•  The  total  current  in  a  parallel  circuit  is  equal  to  the  sum 
of  the  currents  in  the  individual  branches. 

•  The  joint  resistance  of  a  parallel  circuit  is  equal  to  the 
applied  voltage  divided  by  the  total  current  and  is  always 
less  than  the  smallest  individual  resistance. 

When  the  total  current  is  unknown  and  several  resistors 
of  equal  value  are  connected  in  parallel,  the  combined  or 
joint  resistance  can  be  found  by  dividing  the  resistance  of 
one  piece  of  equipment  by  the  number  of  pieces  connected 
in  parallel.  For  example,  if  two  10-ohm  resistors  are 
connected  in  parallel,  the  joint  resistance  offered  by  the 
combination  is  5  ohms  (10  divided  by  2).  If  three  12-ohm 
resistors  are  in  parallel,  the  joint  resistance  is  4  ohms  (12 


divided  by  3).  If  five  10-ohm  resistors  are  in  parallel,  the 
total  resistance  is  2  ohms  (10  divided  by  5).  To  state  this  as 
a  rule,  The  joint  resistance  of  equal  resistances  connected  in 
parallel  is  equal  to  one  resistance  divided  by  the  number  of 
connected  resistances. 

All  equipment  used  in  electrical  circuits  does  not  have 
the  same  resistance.  Therefore,  when  different  pieces  of 
equipment  arc  connected  in  a  parallel  circuit,  they  do  not 
draw  the  same  current.  Two  unequal  resistors  connected  in 
parallel  are  shown  in  figure  1-13.  In  this  case,  the  current 
through  the  parallel  connected  resistor  A  is  I^  =  E/R^  = 
24/12  =  2  amperes.  The  current  through  resistor  B  is  Ijj  = 
E/Rb  =  24/4  =  6  amperes.  The  current  is  equal  to  the  sum 
of  the  currents  in  the  branches  (I^  =  6A  +  2A  =  8 
amperes).  Ohm's  law  will  give  the  joint  resistance  offered 
by  the  current  as  R^  =  E/\j  =  24/8  =  3  ohms. 

The  rule  for  equal  resistors  in  parallel  could  not  be  used 
for  this  circuit  because  the  individual  resistors  A  and  B  are 
not  equal  in  value.  For  such  cases,  another  rule  has  been 
developed  for  the  calculation  of  joint  resistance.  The  joint 
resistance  of  two  resistors  in  parallel  is  equal  to  their 
product  divided  by  their  sum.  This  rule  as  applied  to  the 
circuit  in  figure  1-13  is  as  follows: 


produce 
sum 


12  X  4 
12  +  4 


-rr-  =  3  ohms 
16 


This  is  the  same  answer  found  when  applied  voltage  was 
divided  by  the  total  current. 

The  product-over*sum  method  may  be  applied  to  any  two 
resistors  in  parallel,  whether  they  are  equal  or  not.  It  is  the 
most  commonly  used  method  of  determining  the  resistance 
of  a  parallel  circuit.  This  method  may  be  extended  to 
include  three  or  more  unequal  resistors  in  parallel.  First, 
determine  the  resistance  of  two  resistors  in  parallel;  then 
combine  the  results  of  this  calculation  with  one  of  the 
remaining  resistances  by  additional  application  of  the  same 
rule.  In  each  case,  the  result  of  the  previous  calculation  is 
combined  with  the  one  of  the  remaining  resistances  and  so 
on  until  the  total  or  joint  resistance  has  been  determined. 
For  example,  consider  the  circuit  shown  in  figure  1-14.  In 
this  circuit,  three  unequal  resistors  are  connected  in 
parallel.  Apply  the  rule  to  resistors  B  and  C  as  follows: 


3x6 

3+^6 


18 


=  2  ohms 


Combine  this  result  (2  ohms)  with  the  remaining 
resistance  A  as  follows: 


EH-118 

Figure  I-I3.  T\fc :  unequal  resistors  connecccd  in  parallel. 
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Figure  1-14.  Three  unequal  resistors  connected  in  parallel. 


2x2 
2-1-2 


—  =  1  ohm 
4 


This  result  (  1  ohm)  is  the  joint  resistance  of  three 
resistors  (A,  B,  and  C)  in  figure  1-14. 

There  is  another  method  of  finding  the  joint  resistance  of 
several  resistors  in  parallel.  This  method  is  known  as  the 
reciprocal  method.  As  you  have  seen,  the  product-  over- 
sum  method  can  be  used  only  with  two  resistors  at  one  time. 
If  as  many  as  five  or  six  resistors  are  in  parallel,  the 
arithmetic  solution  would  be  a  lengthy  procedure.  The 
reciprocal  method  may  be  used  to  find  the  joint  resistance 
of  any  number  of  resistors  in  one  operation.  The  rule  is 
stated  as  The  joint  resistance  of  a  parallel  circuit  is  equal  to 
the  reciprocal  of  the  reciprocals  of  the  individual 
resistances.  This  rule  can  be  stated  as  a  formula  and  applied 
to  figure  1-14  as  follows: 


R.  = 


.5  +  .33  +  .17 


—  =  1  ohm 
I 


If  the  joint  resistance  of  only  two  resistors  in  parallel  is 
required,  the  product-over-sum  method  is  probably  the 
easier  to  use.  If  the  joint  resistance  of  three  or  more  resistors 
is  required,  the  reciprocal  method  is  better.  When  in  doubt, 
the  work  can  be  proved  by  assuming  an  applied  voltage  and 
using  Ohm*s  law  to  determine  total  current  and  resistance. 

Series-Parallel  Circuits.  Series-parallel  circuits  consist 
of  groups  of  parallel  resistors  in  series  with  other  resistors. 
Any  leg  of  a  parallel  group  may  consist  of  two  or  more 
resistors  in  scries.  Series-parallel  circuits  may  be  analyzed 
by  the  rules  applied  to  simple  series  circuits  and  simple 
parallel  circuits.  To  make  this  application,  the  series- 
parallel  circuit  is  reduced  to  an  equivalent,  simplified 
circuit.  Each  group  of  parallel  resistors  is  first  replaced  by 
its  equivalent  single  resistance,  and  the  entire  circuit  is  then 
treated  as  a  series  circuit. 

When  this  is  applied  to  the  circuit  in  figure  1-15,  the  first 
step  is  to  reduce  the  two  parallel  resistors  B  and  C  to  an 
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Figure  l~IS.  Simple  scries- parallel  circuit. 

equivalent  single  resistance.  Since  B  and  C  are  equal, 
divided  10  by  2.  This  gives  5  ohms  as  the  joint  resistance  of 
the  parallel  branch.  The  circuit  is  now  a  simple  series 
circuit  of  two  5-ohm  resistors.  The  total  resistance  is 
obtained  by  adding  the  resistance  A  to  the  equivalent  of  B 
and  C.  This  gives  5  plus  5,  or  10  ohms,  as  the  resistance  of 
the  entire  circuit.  Knowing  this,  the  total  current  is 
calculated  by  applying  Ohm'5  law  as  follows: 


^         ^  10 


10 


)  ampere 


This  1  ampere  flows  through  resistor  A,  giving  a  voltage 
drop  of  5  volts.  Since  the  two  parallel  resistances  have  the 
same  value,  the  1  ampere  of  current  divides  equally 
between  the  two.  The  IR  drop  across  B  equals  1/2  x  10,  or 
5  volts,  and  across  C  equals  1/2  x  10,  or  5  volts  also.  This 
demonstrates  the  rule  that  eact*  element  of  a  parallel  circuit 
is  supplied  the  same  voltage.  By  following  one  complete 
path  around  the  circuit,  it  can  be  shown  that  the  sum  of  the 
voltage  drops  is  equal  to  the  applied  voltage.  Starting  from 
the  positive  side  of  the  battery,  there  is  a  5-volt  drop  in 
resistor  A,  another  5-volt  drop  in  resistor  B,  and  thus  back 
to  the  battery.  Care  must  be  taken  to'follow  only  one  path  at 
a  time  in  tracing  through  a  circuit. 

The  example  just  presented  was  of  a  very  simple  nature. 
In  figure  1-16,  we  have  a  series  parallel  circuit  of  a  less 
simple  nature;  and  the  solution  will  involve  more  steps,  as 
we  shall  see.  The  steps  in  the  solution  of  circuit  A,  figure 
1-16,  are  as  follows: 

a.  Combine  resistor  X  and  Y  of  circuit  A,  and  they  can 
be  represented  by  resistance  N  of  circuit  B.  Circuit  B  is  the 
equivalent  circuit  of  circuit  A  in  figure  1-16.  X  and  Y  are 
equal  and  in  parallel;  therefore,  their  joint  resistance  is  as 
follows: 


N  = 


10 


=  5  ohms 


b.  Combine  resistors  W,  N,  and  Z  (circuit  B  of  fig.  1- 

16)  into  a  simple  resistor  M  of  circuit  C  in  figure  1-17.  W, 
N,  and  Z  are  in  series;  therefore,  the  resistance  of  M  equals 
15  ohms  (5  +  5  +  5  =  15). 

c.  Combine  resistors  O,  K,  and  M  (of  circuit  C  in  fig.  1- 

17)  into  a  simple  resistance  P  of  circuit  D  of  figure  1-17. 
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Figure  1-16.  Solving  series-parallel  circuits  by  simplificadon. 
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Since  resistors  Ok,  K,  and  M  arc  equal  and  in  parallel,  they 
can  be  treated  as  follows: 


I*  —  5  ohms 


Combine  resistors  S,  P,  and  L  (circuit  D,  fig.  1-17), 
which  are  in  series.  The  combined  or  joint  resistance  (R.)  of 
the  whole  circuit  equals  20  ohms  (10  +  5  +  5). 

e.  Find  the  total  current  (1^)  of  the  circuit  as  follows: 


T      R    ~  ^  ~  ^  amperes 


20 


/.  Find  the  voltage  drop  across  S  (circuit  C,  fig.  1-17)  as 
follows: 


lis  -  It  X  Rj,    3  X  10  =  30  volts 


g.  Find  the  voltage  drop  across  L  (circuit  D,  fig.  1-17)  as 
follows: 

^^t^^^u^^^5  =  15  volts 

h.  Find  the  voltage  drop  across  equivalent  resistance  P 
(equivalent  of  O,  K,  M,  circuif  C)  as  follows: 

Ep«Er~Es~Ej^  =  60-30-  15  =  15  volts  (circuit  C.  fig.  M7) 

The  voltage  drop  across  each  parallel  branch  is  equal. 
Find  the  current  in  resistor  O  as  follows: 

i.  At  point  A  of  circuit  A,  figure  1-16,  there  are  two 
paths  for  the  current  flow.  In  a  parallel  circuit,  the  total 
current  equals  the  sum  of  the  currents  in  the  branches. 
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Figure  1-17.  So)-  ing  series-parallel  circuits  by  simplified  equivalent  circuits. 
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Therefore,  the  current  flowing  from  point  A  to  point  B 
equals  I,.  —  Iq,  or  3  —  1  =2  amperes. 

j.  The  voltage  drop  across  parallel  resistors  is  equal,  so 
the  voltage  dn>p  across  K  is  IS  volts;  the  current 

a)  -  pf'^is"  ■  * 

k.  Since  a  current  of  2  amperes  flows  from  point  A  to 
point  B  and  1  ampere  of  current  flows  through  resistor  K, 
the  current  through  W  must  be  1  ampere  (2-1). 

/.  At  C  the  current  divides  again.  Since  the  resistances  X 
and  Y  are  the  same,  the  current  divides  equally,  with  V2 
ampere  going  thiou^  each  resistor. 

m.  Voltage  across  X  and  Y  will  be  the  same  (1/2  x  10  = 
S  volts). 

n.  At  C  to  D  of  circuit  A  (fig.  1-16)  the  two  currents  of 
1/2  ampere  join,  and  1  ampere  flows  through  Z.  Voltage 
drop  across  Z  is  5  volts  (1  x  S). 

0.  At  point  E  the  current  through  Z  and  K  join,  and  2 
amperes  (1  +  1)  flow  through  E  to  F. 

p.  At  point  F  the  current  flowing  through  O  joins  the 
current  flowing  from  point  £  to  F,  and  3  amperes  (1+2) 
flow  through  L.  Recall  that  this  3  amperes 's  equal  to  the 
total  current. 

As  stated  before,  there  is  a  definite  relationship  between 
current,  voltage,  and  resistance  of  any  circuit.  You  should 
Icnow  how  to  compute  for  either  of  these  with  the  aid  of 
Ohm's  law. 

Exercises  (206): 

1.  What  should  be  the  first  step  to  solve  the  circuit  in 
figure  MS? 


2.  What  is  the  rule  pertaining  to  the  total  current  in  a 
parallel  circuit? 


3.  How  would  you  compute  the  voltage  drop  across 
resistor  S  in  circuit  C  of  figure  1-17? 


4.  When  solving  a  series-parallel  circuit,  what  should  you 
do  first  to  the  circuit? 


207.  Identify  power  terms  and  solve  problems 
conceming  powen 

Terms  Used  in  Relationship  to  Power.  You  will  And  it 
of  value  to  leam  the  meanings  of  the  following  terms 
commonly  used  in  electric  circuits:  force,  work,  energy  and 
power. 


a,  FORCE  is  defined  as  that  which  produces »  or  tends  to 
produce,  a  change  in  motion  of  a  body.  In  electronics, 
electrical  force  causes  electrons  to  move  from  one  point  to 
another.  The  unit  of  force  is  the  dyne. 

WORK  is  the  production  of  motion  against  a  resisting 
force.  In  electronics,  electromotive  force  causes  electrons 
to  move  against  the  opposing  force  offered  by  the  resistance 
in  a  circuit.  When  an  ampere  of  current  flows  through  a 
resistance  of  1  ohm  for  1  second,  a  joule  of  work  is  done. 

c.  ENERGY  is  the  capacity  or  ability  to  do  work. 
Energy  that  is  du6  to  motion  of  matter  is  called  kinetic 
energy,  whereas  energy  that  is  due  to  the  position  of  matter 
is  called  potential  energy.  As  an  example,  the  electrons  on  a 
negatively  charged  body  possess  potential  energy  with 
respect  to  a  less  negatively  charged  body,  because  these 
electrons  would  flow  if  the  two  bodies  were  connected  by  a 
conductor.  The  electrons  moving  along  the  conductor 
connecting  the  two  bodies  possess  kinetic  energy  because 
such  electrons  are  in  motion.  Energy  may  be  dissipated  in 
such  forms  as  heat ,  light ,  and  motion .  It  may  be 
transformed  from  one  form  to  the  other,  as  is  done  in 
producing  electron  flow  by  mechanical  or  chemical  means. 
Since  energy  is  the  capacity  to  do  work,  energy  and  work 
have  the  same  unit  (jotile). 

d.  POWER  is  the  rate  of  doing  work  and  is  abbreviated 
by  the  symbol  '*P."  Forcing  electrons  through  a  resistor 
requires  work,  and  energy  is  expended  in  the  resistor  in  the 
form  of  heat.  If  this  heat  is  not  too  great,  it  can  be  radiated 
and  will  not  damage  the  resistor.  If  it  is  excessive,  it  cannot 
be  radiated  as  quickly  as  it  is  generated;  consequently,  the 
resistor  becomes  too  hot  and  bums  out.  As  a  precaution 
against  excessive  heating,  a  resistor  is  specified  as  having  a 
certain  power  rating,  meaning  that  no  more  than  a  specified 
current  (given  number  of  electrons  per  second)  can  be 
allowed  to  flow  through  the  resistor  without  damaging  it. 
Electrical  power  is  the  rate  that  electrons  arc  forced  through 
resistance  by  electromotive  force  (EMF). 

Power  in  DC  Circuits.  The  unit  of  electrical  power  is 
the  watt.  One  watt  of  power  is  present  in  a  l-ohm  resistor  in 
which  a  current  of  1  ampere  is  flowing;  in  other  words,  a 
resistor  consuming  I  joule  of  energy  per  second.  A  larger 
unit  of  power  is  the  kilowatt,  which  equals  lOOO  watts.  The 
power  dissipated  by  some  resistors  is  on  the  order  of  one- 
tenth  of  a  watt.  However,  some  resistors  dissipate  as  much 
as  50  watts.  A  horsepower,  the  unit  for  measuring 
mechanical  power,  is  equivalent  to  746  watts. 

Since  power  is  the  rate  of  doing  work  or  consuming 
energy,  the  length  of  time  power  is  used  is  the  true  measure 
of  energy  consumed.  It  is*  common  practice  to  purchase 
electrical  energy  by  watt-hours  (watt  x  hours).  This  unit  is 
so  small  that  the  unit  kilowatt-hours,  equal  to  1000  watt- 
hours,  is  used.  As  an  example,  let's  take  an  ordinary  100- 
watt  lamp  bulb,  as  found  in  your  home.  A  100-watt  bulb 
requires  100  watts  of  power  for  proper  operation  and 
consumes  100  watt-hours  of  energy  in  1  hour.  In  terms  of 
kilowatt-hours,  the  lamp  uses  0.1  kilowatt-hour  in  1  hour. 
In  10  hours  of  operation,  the  bulb  would  consume  a 
kilowatt-hour  of  energy.  In  24  hours,  the  bulb  would 
consume  2.4  kilowatt-hours. 

To  determine  the  {>ower  in  a  simple  DC  electrical  circuit, 
the  power  formula  P  =  E  x  I  may  be  used.  For  example,  a 

3^23 


circuit  with  an  applied  voltage  of  120  volts  and  a  current 
flow  of  10  amperes  will  consume  120  x  |()  *  i  ">00  watts 
The  circuit  in  figure  M8  shows  a  circuit  with  two  lamps  in 
series.  Each  lamp  has  a  resistance  of  60  ohms,  and  the 
circuit  has  an  applied  voltage  of  120  volts.  Note  that  each 
lamp  is  consuming  60  watts  of  power.  In  other  words,  they 
are  60- watt  lamps. 

You  can  also  find  the  power  in  a  DC  circuit  if  you  know 
the  resistance  (R)  with  the  u.se  of  the  following  formulas: 

iilxercises  (207): 

1.  Match  the  tenn  in  column  A  with  the  statement  in 
column  B. 

Column  A  Column  B 


.(I)  Force.  a.  The  ability  to  do  work  measured  in 
.(2)  Work.  joules. 

.(3)  Energy,  b.  The  production  ol  motion  against  a 
.(4)  Power.         icsisiing  force  measured  in  joules. 

c.  The  rate  of  d*>ing  work  measured  in 
watts. 

d.  Thai  which  produces  a  change  in  motion 
of  a  body  measured  in  dynes. 


2.  How  is  power  computed  in  a  DC  circuit  with  only 
resistance  and  current  known? 


In  a  parallel  circuit  having  four  equal  lamps,  with  an 
applied  voltage  of  120  volts  and  a  total  current  flow  of 
4  amperes,  what  is  the  power  consumed  at  each  lamp? 


1-3.  AC  Circuits 

In  order  to  understand  how  electrical  equipment  i.s 
connected   and  how   it  functions,   it   is   necessary  to 
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Figure  1-18.  Two  60-watt  lamps  in  scries. 


understand  how  current  flow,  voltage,  and  resistance  are 
reii'^tt^l  in  oirrnit.  We  have  d'snissed  this  rel.'Mionship  in 
DC  circuits;  now  we  will  discuss  it  in  AC  circuits. 

208.  Given  information  on  the  fundamentals  of 
alternating  current,  relate  the  description  or  function  to 
the  appropriate  term,  tell  how  electrons  travel,  and 
specify  the  use  of  hert/. 

Fundamentals  of  AC,  Electrical  current  flow  consists  of 
electrons  moving  in  a  circuit.  Since  the  electron  is 
negatively  charged,  it  is  repelled  at  the  negative  end  of  the 
circuit  and  attracted  to  the  positive  point.  Therefore,  it 
travels  from  negative  to  positive.  In  the  direct  current 
circuit  it  moves  in  one  direction  only.  In  the  alternating 
current  circuit,  its  polarity  is  changing  at  regular  intervals. 
This  causes  the  current  to  flow  in  one  direction  and  then  in 
the  opposite  direction.  The  alternations  in  current  flow  are 
shown  in  figure  1-19.  The  solid  arrows  indicate  the 
direction  of  current  tlow  during  the  positive  alternation,  and 
the  dotted  arrows  show  the  current  flow  during  the  negative 
alternation.  Since  the  current  flow  is  continuously 
alternating  in  its  direction  flow,  it  is  called  alternating 
current. 

Cycle  and  Frequency.  When  an  AC  generator  completes 
a  positive  and  a  negative  alternation,  it  has  completed  one 
electrical  cycle.  It  is  represented  by  the  symbo*  The 
number  of  times  each  cycle  occurs  in  1  second  is  called 
frequency.  This  is  now  expressed  as  hertz  per  second  or 
simpiy  by  hertz.  We  now  say  that  the  frequency  of  the 
power  system  is  60  hertz . 

NOTE:  The  term  "hertz"  has  been  adopted  recently  in 
recognition  of  Heinrich  Rudolph  Hertz,  a  German 
physicist.  He  discovered  in  his  electrical  experiments  that 
electricity  can  be  transmitted  in  electromagnetic  waves  at 
the  speed  of  light. 

The  frequency  of  a  system  was  formerly  expressed  in 
cycles  per  second.  The  waveforms  of  alternating  current  are 
shown  in  figure  1-20.  This  is  usually  referred  to  as  a  sine 
wave.  The  term  "sine  wave"  is  derived  from  the  operation 
of  a  generator.  It  is  so  named  because  the  alternator  output 
voltage  at  any  given  point  on  the  wave  is  the  product  of  the 
sine  of  the  rotor  angle  and  the  peak  voltage. 

The  frequency  of  the  AC  generator  voltage  output 
depends  upon  the  speed  of  rotation  of  the  rotor  and  the 
number  oi  pairs  of  poles.  With  a  given  number  of  poles,  the 
faster  the  speed  of  rotation  of  the  rotor,  the  higher  the 
frequency  will  be;  and,  conversely,  the  lower  the  speed  of 
rotation,  the  lower  the  frequency.  When  a  rotor  has  turned 
through  an  angle  so  that  two  adjacent^  rotor  poles  (paired 
north  and  south  poles)  have  passed  one  winding,  the  voltage 
induced  in  that  winding  will  have  varied  through  one 
complete  cycle.  Therefore,  for  a  given  frequency,  the  more 
pairs  of  poles  there  are,  the  lower  will  be  the  required  sp)eed 
of  rotation. 

A  2-pole  generator  must  rotate  at  twice  the  speed  of  a  4- 
pole  generator  for  the  same  frequency  of  generated  voltage. 
The  frequency  of  the  generator  in  hertz  can  be  determined 
by  the  following  formula: 
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Figure  1-19.  Electron  flow  in  an  AC  circuit. 
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Figure  1-20.  Relationship  of  frequency  and  cycles  in  AC. 
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where  P  is  the  number  of  poles  and  N  the  speed  in  rpm.  For 
example,  a  2-pole,  3600-rpm  generator  has  a  frequency  of 
X  3600  =  60  hertz;  a  4-pole,  180C  rpm  generator 

120 

has  the  same  freauency;  a  6-pole,  500-rpm  generator  has  a 
frequency  of         x  500  =  25  hertz;  and  a  12-pole, 
4000-rpm      generator      has      a      frequency  of 
X  4000  =  400  hertz. 

120 

AUemaHng  current  values.  Four  values  must  be 
considered  when  we  discuss  alternating  current  and  voltage. 
We  will  take  them  in  the  following  order:  the  maximum  or 
peak  value,  the  instantaneous  values,  the  average  value, 
and  the  effective  value.  These  are  shown  in  the  sine- wave 
form  in  figure  1-21.  We  will  also  take  a  brief  look  at  the 
way  they  affect  the  power  in  an  AC  circuit. 

Maximum  or  peak  value.  The  maximum  or  peak  value  is 
indicated  as  the  highest  voltage  or  the  highest  current 
reached  on  either  the  positive  alternation  or  the  negative 
alternation.  It  occurs  when  a  particular  generator  coil  is 
cutting  the  maximum  (greatest)  number  of  flux  lines.  No 
greater  amount  of  current  or  voltage  can  be  induced  by  this 
magnetic  field  in  this  coil.  Because  this  characteristic  of 
generator  voltage  output  is  most  often  called  peak,  we'll 
use  that  term  from  here  on  and  drop  the  term  '"maximum" 
from  our  discussions. 

Instantaneous  values.  The  instantaneous  values  arc 
between  zero  and  the  peak  value  in  either  the  positive  or 
negative  alternation.  Instantaneous  value  is  simply  the 
value  of  the  alternating  current  voltage  at  one  particular 
instant.  It  may  be  the  same  as  the  peak  value  if  the  selected 
instant  is  at  the  time  the  voltage  or  current  stops  increasing 
and  starts  decreasing,  or  it  could  be  zero  if  the  selected 
instant  is  the  time  during  which  the  polarity  of  the  voltage  is 
changing.  For  this  reason,  in  alternating  current  the  peak 
value  of  voltage  or  current  cannot  be  used  in  solving  for 
power  consumption  as  it  can  be  in  direct  current. 

Average  value.  The  average  value  in  alternating  current 
is  the  average  of  all  the  instantaneous  values  during  one 
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Figure  H21 .  AC  values. 


alternation.  Except  for  being  a  mathematical  viewpoint,  it 
is  of  no  great  significance  since  it  is  merely  a  numerical 
average  of  all  the  sine  values  for  all  the  angles.  Average 
value  has  been  computed  to  be  equal  to  0.636  times  the 
peak  value.  It  is  always  this  ratio. 

Effective  value  of  current  or  voltage.  In  alternating 
current,  any  value  given  for  current  or  for  voltage  is 
assumed  to  be  effective  value  unless  otherwise  specified. 
Therefore,  in  your  work  you  will  be  dealing  only  with 
effective  values  of  voltage  or  current.  You  should  not 
confuse  this  value,  as  people  often  do,  with  the  ''average 
value"  because  the  "effective  value**  is  the  actual  rating  of 
the  useful  power  available  to  do  work.  Since  it  is  the  actual 
rating  of  the  useful  power  to  do  work,  perhap.s  a  discussion 
of  what  is  meant  by  the  term  is  in  order. 

As  you  know,  in  any  DC  circuit  the  voltage  across  the 
circuit  and  the  current  through  the  circuit  have  certain 
magnitudes.  You  also  learned  earlier  that  these  are 
determined  by  the  actual  values  of  the  voltage  and  the 
resistance  present  in  the  circuit.  It  should  be  clear,  then, 
why  the  term  "effective  value"  had  no  particular 
significance  in  our  discussion  of  DC  circuits.  After  all,  if  10 
volts  or  1000  volts  is  applied  to  a  DC  circuit,  the  effective 
DC  voltage  is  obviously  10,  or  1000  volts.  (If  this  statement 
is  puzzling,  it  is  suggested  that  you  go  back  and  read  those 
pages  dealing  with  DC  circuits.)  But,  in  AC  circuits,  since 
the  instantaneous  values  of  current  or  voltage  vary,  there 
must  be  some  basis  on  which  to  judge  them.  The  basis  used 
is  direct  current;  therefore,  when  the  voltage  or  current  in 
an  AC  circuit  is  in  phase,  the  effective  values  of  voltage  or 
current  arc  expressed  as  values  of  DC  voltage  or  current.  In 
other  words,  the  effective  value  of  alternating  current  is  the 
same  value  as  direct  current  in  the  same  circuit  that  would 
cause  the  same  amount  of  electrical  energy  to  be  dissipated 
or  produce  an  equal  heatin{'»  effect. 

To  get  back  to  our  sins-wave  voltages  for  a  moment, 
since  AC  power  is  of  a  sim-wave  nature,  it  is  not  necessary 
to  resort  to  any  experimental  computations  to  arrive  at  its 
effective  value.  It  has  been  proven  mathematically  that  for 
sine-wave  current  or  voltage,  the  effective  value  is  always 
equal  to  0.707  times  the  peak  value.  As  an  example,  let's 
say  that  10  volts  of  AC  power  is  applied  to  a  circuit.  The 
effective  voltage  present  would  then  be  equal  to  0.707 
times  10  volts,  or  7.07  volts.  Because  this  constant  is  also 
true  regarding  current,  if  the  current  in  this  same  circuit 
measured  10  amperes  peak,  the  effective  current  would  be 
7.07  amperes.  The  effective  value  of  either  current  or 
Voltage  in  an  AC  circuit  is,  therefore,  equal  to  0.707  times 
the  peak  value  {E^„  =  .707  Ep^). 

The  effective  value  is  also  called  the  root-mean-square  or 
RMS  value.  Since  the  term  ''RA1S  value"  is  so  often  used 
in  electrical  specifications,  let's  find  out  how  this  particular 
figure  above — ^^this  constant — is  arrived  at,  and  why  it  is 
referred  to  as  the  RMS. 

The  effective  value  )f  an  EMF  is  equal  to  the  square  root 
of  the  average  of  che  sums  of  the  squares  of  the 
instantaneous  values  that  make  up  a  cycle.  As  is  indicated 
above,  the  effective  EMF  is  represented  by  the  symbol  E^j^. 
Its  relation  to  the  peak  emf  is  expressed  in  the  formula: 
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and,  for  cunent, 

0.707 

So  that  these  values  for  sine-wave  current  and  voltage  can 
be  arrived  at  without  lengthy  mathematical  computations,  a 
list  of  constants  has  been  calculated.  The  relationship 
between  these  values  applies  only  to  sine-wave  AC  for  both 
voltage  and  current. 

The  other  values,  which  we  have  discussed  in  these  few 
paragraphs,  follow  along  in  line.  Thus,  the  peak  value  is 
equal  to  1 .41  times  the  effective  value;  the  average  value  is 
equal  to  0.636  times  the  peak  value;  and,  conversely,  the 
peak  value  is  equal  to  1 .57  times  the  average  value. 

Apparent  power.  While  we  are  on  the  subject  of  values, 
it  might  be  well  to  discuss  what  is  known  as  apparent 
power,  because  the  apparent  power  in  an  AC  circuit  is  equal 
to  the  product  of  the  effective  (or  the  rms)  values  of  voltage 
and  current.  This  product,  however,  is  not  equal  to  the  true 
power  except  when  the  voltage  and  current  are  in  phase. 

It  might  be  well  to  remind  ourselves  that  apparent  power 
is  expressed  in  kilovolt-amperes.  Thus,  an  expression  of  a 
quantity  of  kilovolt-amperes  (KVA)  is  a  measurement  of 
the  apparent  power  of  an  AC  electrical  system.  The 
quantity  kilovolt-ampere  is  derived  by  dividing  the  number 
of  volt  amperes  by  iOOO.  Apparent  power,  or  volt-amperes, 
is  of  considerable  importance  because  it  is  the  volt- 
amperes,  not  volts,  that  determine  the  operating  limits  of  an 
AC  generator. 

Inductive  reactance  and  the  * 'henry.**  Inductance  is 
indicated  by  the  letter  L — its  unit  of  measurement  is  called 
the  henry.  In  an  AC  circuit  containing  inductance,  there  is 
opposition  to  the  flow  of  current  in  addition  to  the  resistance 
normally  present.  The  extent  of  this  opposition  depends  on 
two  things,  the  frequency  of  the  applied  voltage  and  the 
amount  of  inductance  that  is  present  in  the  circuit.  This 
opposition  is  known  as  inductive  reactance.  Inductive 
reactance  is  identified  by  the  symt  il  and  is  measured  in 
ohms.  The  formula  used  for  flnding  inductive  reactance  is: 

«  2'ir  (f  X  L) 

where 

2-17  «  6.28 

f  ~  frequency  in  Keitz  and 
L  =  inductance  in  hcnrys 

Because  of  the  nature  of  a  counter  EMF,  there  is  no 
actual  loss  of  electrical  energy.  Therefore,  even  though 
inductive  reactance  is  in  opposition  to  altemating  current 
flow,  its  result  is  not  loss,  but  it  does  require  a  greater 
applied  voltage  to  overcome  this  additional  opposition. 
Because  of  the  opposition  by  inductive  reactance,  current 
lags  the  voltage  in  an  AC  circuit.  However,  you  will 
quickly  see,  if  you  multiply  the  instantaneous  values  of  the 
voltage  and  current  together  when  this  out-of-phase 
condition   exists,   that  the   power   output   is  greatly 


diminished.  Also,  if  the  circuit  is  purely  inductive,  the 
current  will  lag  the  voltage  by  90°. 

In  DC  circuits,  resistances  in  series  are  added  to  find  the 
total  resistance  in  the  circuit.  In  an  identical  manner,  the 
total  reactance  in  an  AC  circuit  is  found  by  adding  the 
individual  reactances.  Let's  illusu^te  this: 

In  the  same  way,  to  find  the  total  reactance  of  inductors  in 
AC  parallel  circuits  we  can  apply  the  following  formula: 


^^Or  ~  reactance 
(X^)peic.  =  individual  reactances 

Capaciiance.  While  inductance  is  the  property  of  a  coil 
in  an  AC  circuit,  capacitance  is  the  property  of  a  capacitor. 
The  unit  of  capacitance  is  called  the  farad.  A  capacitor  is  a 
device  having  the  ability  to  store,  or  hold,  a  charge  of 
electricity.  When  placed  in  an  AC  circuit,  it  stores 
electricity  on  one  altemation  (1/2  cycle);  when  the  current 
is  at  the  point  of  reversing  polarity  on  the  other  altemation, 
the  capacitor  discharges  in  the  original  current  direction  to 
continue  the  flow  until  discharged.  It  then  recharges  and 
repeats  its  action  in  the  other  direction  on  the  second 
altemation.  Figure  1-22  is  a  simple  visual  explanation  of 
the  characteristics  of  an  AC  circuit  containing  a  capacitor. 
As  you  can  see,  the  plate  of  the  capacitor  altemately 
changes  polarity. 

In  a  circuit  where  there  is  only  capacitance,  the  current 
leads  the  impressed  voltage.  This  is  in  direct  contrast  with  a 
circuit  containing  pure  inductance  where  the  current  lags 
the  voltage. 
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Figure  1-22.  Capacitance  in  an  AC  circuit. 
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Capacitive  reactance.  Capacitance,  like  inductance, 
offers  opposition  to  the  flow  of  alternating  current.  This 
opposition  is  called  capacitive  reactance  and  is  measured  in 
ohms,  just  as  inductance  is  measured,  but  it  is  designated  by 
the  symbol  X^.. 


I 


c  2tt  X  f  X  C 
where 


Exercises  (208): 
1 .  How  do  electrons  travel  in  a  circuit? 


2.  Why  do  we  use  the  term  "hertz" '  instead  of  frequency? 


2tt  =«  6.28 

f  =  frequency  in  hertz 
C  =  capacitance  in  farads 

The  effects  of  inductive  and  capacitive  reactance.  Let's 
go  back  for  a  moment  to  the  formula  for  inductive  reactance 
and  further  compare  it  with  this  formula  for  capacitive 
reactance. 

By  comparing  the  two  formulas,  we  can  see  that  while 
is  directly  proportional  to  the  frequency  and  inductance,  X^, 
is  inversely  (the  exact  reverse)  proportional  to  the 
frequency  and  capacitance.  Another  way  of  saying  the  same 
thing  is  that  X,  increases  as  the  frequency  and  inductance 
increase,  and  X^decreases  as  the  frequency  and  capacitance 
increase.   This  simply  means  that  inductive  and: 

capacitive  reactances  act  in  opposite  .iS,  one  can  be 

used  to  cancel  out  the  effects  of  ti  ^  ^ler.  How  is  it 
accomplished?  We  know  that  if  a  power  circuit  contains  a 
large  value  of  inductance,  it  will  cause  the  current  to  lag  the 
voltage.  By  the  same  token,  we  know  that  too  much 
capacitance  will  cause  the  current  to  lead  the  voltage. 
Therefore,  by  adding  just  enough  capacitance  to  the  circuit 
to  counteract  the  effects  of  the  inductance,  we  can  bring  the 
current  and  voltage  back  in  phase.  This  is  usually  done  in 
AC  circuits  and  causes  the  apparent  power  and  true  power 
to  be  equal. 

Impedance.  Impedance  is  the  term  used  to  signify  the 
total  opposition  to  the  flow  of  AC  in  a  circuit.  It  is  the 
combined  effect  of  the  total  reactance  and  the  resistance. 
The  total  reactance  is  the  difference  between  X^  and  X^. 
The  symbol  for  impedance  is  Z.  Because  it  opposes  current 
flow,  it  has  the  same  unit  of  measurement  as  resistance — 
the  ohm.  This  is  more  clearly  shown  in  the  impedance 
triangle  in  figure  1-23. 


Match  the  description  or  function  in  column  B  to  the 
t^rm  in  column  A  by  placing  the  correct  letter  by  the 
appropriate  number. 


Column  A 


(I) 

Cycle. 

a. 

(2) 

Apparent 

power. 

(3) 

Inductance. 

b. 

(4) 

c. 

(5) 

Farad. 

(6) 

Capacitance 

in 

d. 

circuit. 

(7) 

Impedance. 

e. 

(8) 

Total 

f. 

reactance 

in 
an 

g* 

AC 

h. 

circuit. 

(9) 

Inductive 

i. 

reactance. 

(10) 

Frequency. 

j- 

(11) 

2  60 

k. 

(12) 

Maximum 

1. 

peak 

value. 

Columns 

Equal  to  the  product  of  the 
effective  values  of  voltage  and 
curnnt. 

Symbol  for  inductive  reactance. 
Detennined  by  the  frequency  and 
amount  of  inductance  in  the 
circuit. 

Total  opposition  to  the  How  of 

alternating  cunent. 

Unit  of  capacitance. 

Found  by  adding  the  individual 

reactance. 

Number  of  times  each  cycle 

occurs  in  a  second. 

Causes  the  cunent  to  lead  the 

voltage. 

A  complete  positive  and  negative 
alternation. 

Formula  for  determining 
frequency. 

The  property  ct  a  coil  in  an  AC 
circuit. 

Highest  voltage  or  current 
reached  during  an  alternation. 
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209.  Select  the  correct  formula  to  be  used  in  computing 
resistive,  inductive,  and  capacitive  circuits. 


Problems  in  Alternating  Current  Circuits.  This 
discussion  deals  with  Ohm's  law  as  it  relates  to  AC  circuits; 
and,  at  the  same  time,  it  will  be  a  resume  of  what  we  have 
learned  concerning  the  pecularities  of  AC  circuits.  Herc, 
we  will  be  working  with  simple  mathematical  equations  for 
finding  the  various  values  peculiar  to  AC  circuits.  If  you 
know  these  and  understand  them,  you  will  have  little 
trouble  in  understanding  alternating  current.  It  is  a  good 
idea  for  you  to  work  these  problems  for  yourself,  even 
though  the  method  and  answers  are  shown.  A  complete 
manual,  longer  than  this  course,  could  be  written  about 
troubleshooting,  but  if  you  don't  actually  do  the  job,  such  a 
manual  would  be  worthless. 

Let's  take  our  formula  for  impedance: 


I  =  f*.  Z  »  y.  and  E 


IZ 


EKLC 
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and,  let*s  say  we  have  a  series  circuit  containing  a  lamp 
with  11  ohms  of  resistance  connected  across  a  source  of 
voltage,  shown  in  figure  1-24. 

For  the  sake  of  comparison,  we'll  first  find  how  much 
current  will  flow  if  1 10  volts  DC  is  applied  and  how  miich 
current  will  flow  if  110  volts  AC  is  applied.  If  you 
remember,  the  Ohm's  law  we  discussed  earlier  gave  us  the 
formula: 


In  this  case: 
1  = 


no 
11 


or 


I  =  10  amperes  DC 

If  AC  is  applied,  the  formula  is: 

■■f 

where  Z  (impedance)  is  equal  to  R  (resistance).  By 
substituting: 


I  - 
and 


110 

II 


I  -  10  amperes  AC 

As  you  can  see,  this  simple  circuit  contains  resistance  only, 
which  brings  up  a  point  to  remember:  If  a  circuit  contains 
resistance  only,  the  current  flow  is  the  same  regardless  of 
whether  the  applied  voltage  is  alternating  or  direct. 


O 
> 


11  OHMS 


BC-  056 
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Inductive  reactance.  Now,  let's  apply  Ohm's  law  to  an 
AC  circuit  containing  inductive  reactance,  the  symbol  for 
which  is  Xl-  The  formula,  then,  should  look  like  this: 


I 


E 
X, 


Xl  «       and  E  =  IX^ 


Suppose  we  have  an  AC  series  circuit  like  that  shown  in 
flgure  1-25,  in  which  the  inductance  is  0. 146  henrys  and  the 
voltage  is  1 10  volts  at  a  frequency  of  60  hertz.  Now,  what 
is  the  flow  of  current  in  this  circuit?  First  of  all,  the 
inductive  reactance  must  be  found.  We  know  that  the 
inductance  as  expressed  in  henrys  is  L  -  0.146;  by 
substitution  in  our  formula  for  inductive  reactance,  we 
should  have: 


Xl  =  2tt  X  f  X  I. 

Xl  =  6.28  X  60  X  0.U6 

X^  "  55  ohms 


and  to  find  the  current, 


I  = 


110 


55 

I    2  amperes 

Capacitive  reactance.  In  this  same  manner,  to  find  the 
capacitive  reactance  and  the  current  flow  in  a  circuit,  we 
would  And  the  reactance  flrst  and  then  the  current. 

Let's  assume  that  in  another  series  circuit,  as  shown  in 
figure  1-26,  there  is  an  impressed  voltage  of  1 10  volts  at  60 
hertz  and  that  in  the  circuit  there  is  a  capacitor  with  a 
capacitance  of  80  m-F.  Since  1  million  microfarads  (jiF)  are 
equal  to  1  farad,  this  means  that  to  change  80  \jJr  to  farads, 
we  divide  80  by  1,000,000.  The  quotient,  or  the  answer  to 
this  problem  in  long  division,  is  0.000080.  (All  you  must  do 
to  arrive  at  this  answer  is  to  watch  your  decimal  points.)  By 
substituting  our  equation,  we  And  that 

X   =   ?  

C       6.28  X  60  X  0.000080 

which  means      -  33.2  ohms  of  capacitive  rcnctance. 

Knowing  the  capacitive  reactance  and  by  checking  our 
formula  chart,  we  find  that  to  solve  for  the  current  tlow  in  a 
capacitive-reactance  circuit  as  follows: 


no  VAC 

60  HERTZ 


146 


Figure  1-24.  Resistance  in  an  AC  circuit. 
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Figure  1-25.  Industance  in  an  AC  circuit. 
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Figure  1-26.  Capacitance  in  an  AC  circuit. 


and,  by  substitution, 

I  =    IIP  volts 
13.2  ohms 

llierefore, 

1  "  3,31  amperes 

Reactance  and  resistance.  The  circuit  problems  used 
above  have  been  comparatively  simple.  Now,  suppose  an 
AC  circuit  contains  reactance  and  resistance.  Then 
reactance  (X|^  or  X^.)  can  no  longer  be  simple  substituted  for 
the  resistance,  R,  in  Ohm's  law  for  computing  current  flow. 
We  must  use  the  combination  of  the  two  factors,  which  is 
called  impedance,  or  Z. 

Thus,  in  cases  such  as  these,  two  entirely  new  formulas 
are  used  to  find  the  opposition  to  current  flow.  In  an  AC 
circuit  containing  resistance  and  inductance,  the  formula  is: 

and,  if  the  circuit  contains  resistance  and  capacitance. 


To  illustrate  our  first  formula,  suppose  we  draw  an  AC 
circuit  (fig  1-27)  that  contains  both  resistance  and 
inductance.  In  this  circuit,  resistance  (6  ohms)  and 
inductance  (0.021  henry)  are  connected  in  series  with  a 
llO-volt  AC,  60  hertz  supply.  Our  problem  is  to  find  the 
impedance  and  the  current  through  the  lamp  and  the  coil. 

Because  we  already  know  the  resistance,  in  order  to  find 
total  impedance,  we  must  first  compute  the  inductive 
leactance  of  the  coil.  Why?  Because  the  impedance  is  the 
combined  effect,  in  this  case,  of  resistance  and  the 
inductive  reactance.  So  we  use  our  formula  for  computing 
inductive  reactance, 

X,     2iT  X  f  X  L 

and  substitute  accordingly: 


Xl  =  6,28  X  60  x  0.021 

therefore, 

Xj^  «  8  ohms  of  inductive  reacumce 

Our  next  step  is  to  compute  the  total  impedance  by  using 
our  first  formula,  including,  or  course,  our  known 
resistance: 

z  =  Jl^TxJ 

we  substitute 

Z  =  ^6^  +  8^ 

therefore, 

Z  «  ^36  +  64 
Z  =  ^100 

and,  by  taking  the  square  root, 

Z  —  10  ohms  of  impedance 

The  current  flow  can  now  be  solved  by  Ohm's  law 
method. 


I     1 1  amperes 

Now,  let's  find  out  how  much  of  a  voltage  drop  there  is 
across  the  resistance  in  this  circuit.  After  that  we'll  see  how 
n\uch  there  is  across  the  inductance. 

You  learned  that  when  there  is  a  voltage  drop  in  a  DC 
circuit  it  is  equal  to  the  sum  of  the  voltage  across  each  of  the 
resistances,  and  that  the  method  of  solving  such  a  problem 
is  to  use  the  formula  taken  from  the  Ohm*s  law  chart  for  DC 
circuits,  E  =  I  x  R. 
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Figure  1-27.  Resistance  and  inductance  in  an  AC  circuit. 
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In  an  AC  circuit,  however,  1^  represents  the  voltage  drop 
across  the  resistance.  Therefore,  E  can  be  substituted  for  E 
in  the  above  formula  and,  as  our  AC  equivalent,  we  have: 

=  II  X  6 

E,^  =  66  volts,  the  voltage  drop  across  the  resistance 

Because  the  inductive  reactance  is  opposition,  the  drop 
across  the  inductance  is  expressed  as  E,.  .  Thus,  our 
formula  is  now:  ^ 

Therefore, 
Ex  =11x8 

or 

Ej^^  =  88  volts,  the  voltage  drop  across  the  inductance 

Just  a  minute!  This  doesn't  look  right!  Here  we  have  a 
66-volt  drop  across  the  resistance  and  an  88-volt  drop 
across  the  inductance.  The  sum  of  these  two  voltages,  by 
simple  addition,  is  154  volt??  -44  volts  greater  than  the 
impressed  voltage!  Actually,  the  reason  for  this  is  quite 
simple.  It  is  merely  the  result  of  the  two  voltages  being  out 
of  phase. 

The  mathematical  analysis  of  the  circuit  shows  clearly 
that  in  an  AC  circuit,  unlike  in  DC,  the  amount  of  current 
flow  depends  not  only  on  the  resistance  but  also  on  the 
inductance  in  the  circuit.  As  a  matter  of  fact,  in  an  AC 
circuit,  inductance  can  have  far  more  influence  on  the 
current  flow  than  does  resistance.  As  you  have  seen,  in  this 
case  it  has  the  greater  control  over  the  current. 

If  you  will  compare  our  computations  here  with  those 
relating  to  DC  circuits,  it  should  be  plain  enough  that 
resistance  has  the  same  effects  in  an  AC  circuit  as  it  has  in  a 
DC  circuit.  The  difference  found  in  the  effects  of 
inductance  in  DC  and  AC  circuits  results  largely  from  the 
fact  that  AC  constantly  changes  in  direction  or  value.  This 
constant  change  causes  variation  in  the  magnetic  flelds.  The 
magnetic  field  is,  of  course,  associated  with  inductance  and 
any  variance  in  the  magnetic  Held  is  going  to  cause  a 
variance  in  the  circuit  characteristics. 

When  there  is  capacitive  reactance  as  well  as  resistance 
in  an  AC  circuit,  we  use  our  second  formula  to  And  the  total 
impedance: 


10  OHM  LAMP 


Z  =        +  X^^i 

To  And  the  capacitive  reactance,  we  use  the  formula: 
I 


2iT  X  f  X  C 


In  the  series  circuit,  as  shown  in  flgure  1-28,  there  is  a 
capacitor  of  200p.F  connected  in  series  with  a  10-ohm 
lamp.  Let*s  And  the  total  impedance,  the  amount  of  current, 
and  the  voltage  drop  across  the  resistance. 

First  of  all,  just  as  you  did  in  the  previous  capacitance 
problem,  the  (tP  quantity  must  be  changed  back  into  farads: 


EKLC 
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Figure  !-28.  Resistance  and  capacitance  in  an  AC  circuit. 
200 


200  microfarads  =  — 


1.000,000 


=  0.0002  farads 


Again,  since  resistance  is  known,  we  can  substitute  in  our 
formula  to  And  the  capacitive  reactance: 


Xc  = 
Xc  = 
Xc  = 


I 


2iT  X  f  X  C 
I 


6.28  X  60  X  0.000200 
I 


0.07536 

Xc  =^  13  ohms,  the  capacitive  reactance 

Then,  to  And  the  total  impedance,  we  use  the  impedance 
formula  for  circuits  containing  capacitive  reactance  and 
resistance,  which,  as  you  just  read,  is: 


and,  by  substituting. 


z  =  J\o^+  132 


Z  =  ^100+  169 
Z  =  ^269 

Z    16.4  ohms,  the  total  impedance 

To  solve  for  current  flow  in  this  circuit,  we  return  to 
Ohm's  law: 

■■f 


I  = 


110 


16.4 
I "  6.7  amperes 

and,  to  And  the  voltage  drop  across  the  lamp, 

E^.IXR 
Ejj «  67  volts 

Since  the  voltage  drop  across  the  capacitor  is  expressed  as 
E^^,  therefore. 
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E„   =6.7  X  13 
Ex   =  86. 1  volts 

As  in  our  circuit  containing  resistance  and  inductance, 
we  find  that  these  two  voltages  do  not  equal  the  supposed 
applied  voltage  of  I  10  volts.  Here,  again,  you  have  a  circuit 
in  which  E  and  1  are  out  of  phase,  but,  instead  of  lagging  the 
voltage,  being  a  capacitive  circuit  the  current  is  leading  the 
voltage. 

In  an  AC  circuit  containing  more  than  one  Ohmic  factor, 
voltage  is  expressed  as  E^.  To  find  the  applied  voltage  in 
order  to  prove  your  compulations,  you  can  use  the  equation: 


E,   -  x672  =  H6.l' 


^  v4489  f  7413 


-  X I  1902 


Ej=  110  volts 


The  answer,  I  10  volts,  indicates  that  the  supposition 
expressed  in  the  previous  paragraph  was  correct. 

Now,  how  about  a  circuit  that  contains  not  only 
resistance  and  capacitive  reactance,  but  also  inductive 
reactance?  Look  at  figure  1-29.  Since  X,  and  tend  to 
cancel  each  other  out,  they  should  be  expressed  as  Xl  —  X^.. 
Therefore,  the  impedance  equation  for  a  circuit  containing 
resistance,  inductive  reactance,  and  capacitive  reactance  is: 


x4'  4-  (10  -7)' 


Z  =  v42  f  32 


Z  -  vl6-f  9 


4  OHMS 


1  10  VAC 
60  HERTZ 


Xl  =   10  OHMS        Xc  =  7  OHMS 


i  H 
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Figure  1-29.  Resistance,  inductance,  capacitance  in  an  AC  circuit. 


V25 


Z  =  5  ohms 


As  you  should  have  begun  to  understand,  many  of  the 
ideas  you  absorb  in  your  study  of  DC  circuits  are  applicable 
to  AC  circuits.  Those  features  that  you  have  found  to  be 
different  are  caused  by  the  constant  changing  of  the 
direction  and  the  magnitude  of  alternating  current.  The 
rules  and  equations  for  DC  circuits  apply  to  AC  circuits 
having  resistive  load  elements  alone.  This  would  include 
load  elements  such  as  lamps,  resistors,  and  heating 
elements;  but,  when  the  AC  circuit  contains  reactive  load 
elements,  they  must  be  taken  into  consideration  also.  The 
reason  for  this  is  that  the  current  through  a  reactive 
component  is  not  in  phase  with  the  applied  voltage.  The 
effect  of  this  out-of-phase  condition  must  be  taken  into 
consideration  when  calculating  values  in  AC  circuits.  The 
typical  load  on  an  AC  power  system  includes  lights, 
motors,  relays,  solenoids,  heating  elements,  etc.  This 
provides  both  resistive  and  reactive  load  elements.  The 
amount  of  inductive  reactance  far  exceeds  the  amount  of 
capacitive  reactance  in  the  typical  circuit.  Overall,  the 
inductive  reactance  has  a  significant  influence  on  the 
circuit. 

Exercises  (209): 

1 .  What  is  the  difference  in  current  flow  between  an  AC 
or  DC  circuit  that  contains  only  resistance? 


2.  Select  the  correct  formula  in  column  B  that  would  be 
used  to  solve  the  statements  in  column  A. 


Column  B 


Z  =  >/r2  +  Xl^ 


Z  =  yR2+  (Xl-Xj,)2 


Xl  =  27T  X  f  X  L 


d.   Z  -  VR2  .f  x^^ 


1 


27T  X  f  X  C 


Column  A 

-(1)  Inductive 

reactance. 
.(2)  Circuit  containing 

resistance  and 

inductive 

reactance. 
-(3)  Circuit  containing. 

resistance. 

reactance.  and 

impedance. 
-(4)  Capacitive 

reactance. 
-(5)  Circuit  containing 

resistance .  and 

capacitive 

reactance. 


210.  State  the  conditions  when  true  power  is  less  than  or 
equal  to  apparent  power,  and  give  the  formula  for  the 
power  factor. 

Power  in  AC  Circuits.  We  have  previously  learned  that 
the  unit  of  electrical  p>ower  is  the  watt  and  that  electrical 
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power  is  the  rate  at  which  electncal  energy  in  a  circuit  is 
expended.  Another  way  of  expressing  the  same  thing  is  that 
power  is  the  rate  of  doing  work.  In  DC  electricity,  power  is 
equal  to  the  voltage  multiplied  by  the  current  in  the  circuit. 
For  obtaining  the  power  in  a  DC  circuit,  the  formula  reads  P 
—  EI,  or  watts  equals  volts  times  amperes.  Consequently,  if 
1  ampere  flows  in  a  DC  circuit  with  a  pressure  of  220  watts 
behind  it,  the  power  is  220  watts.  This  product  of  the  volts 
and  the  amperes  is  what  is  known  as  the  true  power  in  the 
circuit.  In  the  previous  section  we  were  talking  about  DC 
circuits  and  here  we  are  discussing  AC.  Actually*  they  are 
similar.  However,  in  an  AC  circuit  a  voltmeter  indicates  the 
effective  voltage  and  an  ammeter  indicates  the  effective 
current.  Apparent  power  is  the  product  of  these  two 
readings.  It  is  only  when  the  AC  circuit  consists  of  pure 
resistance  that  the  apparent  power  is  equal  to  the  true 
power. 

The  ratio  between  the  apparent  power  and  the  true  power 
is  known  as  the  power  factor.  It  is  usually  expressed  in 
percent  and  the  formula  is  written: 

^       -  true  power 

Power  factor  =  

apparent  power. 

The  reason  for  the  equation  being  v/rittcn  in  this  fashion  is 
that  the  difference  between  true  power  and  apparent  power 
is  directly  caused  by  the  phase  separation  of  the  voltage  and 
current  in  an  AC  circuit.  It  seems  logical  to  expect  a  very 
defmite  relationship  between  the  phase  angle,  the  tr»e 
power,  and  the  apparent  power.  To  find  the  phase  angle, 
which  is  illustrated  by  figure  1-30,  we  must  divide  \he  true 
power  by  the  apparent  ix)wer — the  apparent  power  (volt- 
amperes)  being  the  power  delivered  (watts)  to  the  circuit, 
the  true  power  (or  effective  power)  being  the  power  actually 
consumed  by  the  circuit. 

Let's  take  a  look  at  the  power  relations  in  an  AC  circuit. 
In  figure  1-31,  note  the  triangle  that  displays  the 
relationship  between  reactive  power,  true  power  in  watts. 


and  apparent  powc*  ,  /olts  times  ampf^rcs.  If  the  circuit 
were  a  p»  re  resistance  circuit  and  contained  no  reactance, 
the  reactive  power  leg  of  the  triangle  would  diminish  to 
zero.  Apparent  power  and  true  power  would  then  lie  along 
the  same  line  and  would  be  equal. 

In  an  AC  circuit,  the  true  power  is  less  than  the  apparent 
power  when  the  current  and  voltage  are  out  of  phase.  This 
out-of-phase  condition  is  caused  by  the  amount  of 
capacitance  or  inductance  (reactive  power)  in  the  circuit. 
The  true  power  in  an  AC  circuit  must,  therefore,  be 
obtained  by  a  v^attmeter  reading  and  not  by  multiplication 
as  it  is  in  DC  circuits.  It  is  the  ratio  of  the  true  power  (base 
line)  to  the  apparent  power  (hypotenuse)  that  is  called  the 
power  factor,  usually  expressed  in  percent.  Let's  look  at 
this  relationship  in  equation  form: 


Power  factor  = 


100  X  watts  (the  true^wer ) 


volts  -  amperes  (the  apparent  power) 

Because  we  cannot  compute  the  true  power  in  an  AC 
circuit,  figure  1-32  should  clarify  the  measurement  of  the 
power  factor  in  a  typical  circuit.  As  you  can  see,  the  220- 
volt  AC  motor  is  apparently  taking  50  amperes  from  the 
line.  The  wattmeter  in  th^  line, 'however,  shows  that  only 
9350  waUs  are  taken  by  the  motor.  Obviousb  there  is  a 
disparity  here  and  we've  got  to  go  a  little  further.  We  have 
to  find  the  apparent  power  and  the  power  factor  to  analyze 
the  situation.  In  a  case  like  this,  we  use  cur  equation.  We 
know  that  the  apparent  power  is  equal  to  the  volts  times  the 
amperes. 

Apparent  power  =  220  x  50  or  U  ,000  volt-amperes 


Therefore, 

Power  factor  " 
93.S.000 


9JS0  X  100 
11.000 


pf  = 


11.000 
pf  =  85.  or  85  percent 


A  PHASE  ANGLE  IS  THE  ANGLE  OF 


EO-009 


Figure  1-30.  Phase  angle. 
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a:  parent  power 
volts  x  amperes 


WATTS 

Figure  1-31.  Pov/er  relationship. 

As  pointed  out  earlier,  volt-amp?^res  in  alternating  current  is 
important  because  it  determines  the  operating  limits  of  an 
AC  generator.  Since  it  is  important,  perhaps  a  further  word 
should  be  said  in  regard  to  these  operating  limits. 

The  output  limits  of  an  AC  generator  are  determined 
chiefly  by  the  temperature  rise  that  is  produced  in  the 
windings.  This  increase  in  temperature  is  caused  by  core 
and  copper  losses.  Core  losses  depend  on  the  frequency  and 
the  flux  density  and  are  fixed  by.  the  operating  voltage-and 
frequency;  these,  you  can  do  nothing  about.  Copper  losses, 
on  the  other  hand,  are  determined  uy  the  amount  of  current, 
and  this  you  can  control.  Full  load  (maximum  output 
capability)  is  reached  when  the  generating  equipment  is 
carrying  the  full  rated  current  at  the  rated  voitage  and 
frequency.  Any  increase  in  load  that  exceeds  the  rated 
output  will  likely  cause  overheating  and  probable  damage 
to  the  generator. 


Wattless  Power — VARs.  We  have  discussed  power  as 
it  relates  to  the  DC  circuit  and  asserted  that  the  heating 
effect  of  electrical  current  is  electrical  power  at  work  and 
the  unit  of  electrical  power  is  the  watt.  We  also  stated  that 
electrical  power  is  the  time  rate  at  which  electrical  energy  is 
expended  in  a  circuit.  Now  we  must  consider  that  while  in 
AC^as  in  DC,  we  have  the  watt  as  a  unit  of  power,  we  also 
have  another  type  of  power  called  wattless  power,  which  is 
expressed  in  VARs,  or  the  volt-amperes  reactive. 

The  presence  of  either  capacitive  reactance  or  inductive 
reactance,  as  you  have  learned,  will  cause  the  circuit 
current  and  voltage  to  be  separated  by  some  phase  angle 
between  O'*  and  90^*.  But,  and  remember  this,  it  will  always 
be  less  than  90"  because  all  circuits  contain  some  resistance 
to  current  flow,  and  resistance  has  the  effect  of  moving 
current  and  voltage  back  towards  an  in-phase  condition. 

The  power  that  is  the  result  of  applied  voltage,  and  that 
particular  element  of  current  that  is  in  phase  with  it,  is  the 
actual  power  dissipated  in  the  circuit.  You  should  note, 
however,  that  not  all  applied  power  dissipated  by  afA 
electrical  device  is  delivered  in  the  form  of  useful  power. 
Some  of  the  applied  energy  is  lost  in  heat,  expressed  as  PR, 
caused  by  the  current  being  dissipated  in  the  resistance  of 
the  circuit.  The  PR  loss  represents  a  direct  conversion  of 
electrical  energy  into  heat  energy  in  the  resistance. 

That  part  of  the  current  not  transformed  into  heat  is,  'n 
this  manner,  90**  out  of  phase  with  the  applied  voltage.  It  is 
this  out-of-phase  current  that  produces  the  magnetic  fleld  in 
inductive  devices  such  as  coils.  This  portion  of  the  applied 
power  that  produces  the  magnetic  fleld  is  known  as  wattless 
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Figure  1-32.  Measurement  of  the  power  factory. 
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power*  oi  reactive  power,  and  is  expressed  in  VARs. 
Actually,  it  is  not  power  at  all  because  it  consumes  no 
energy,  since  all  the  energy  stored  in  magnetic  or 
electrostatic  fields  is  returned  to  the  source  of  power  when 
the  fields  collapse.  Since  none  of  this  energy  is  converted 
into  kinetic  energy,  except  those  PR  losses  associated  with 
the  induced  current  flow  through  resistances,  there  is  no 
consumption  of  power.  For  this  reason,  VARs  or  volt- 
amperes  reactive  arc  spoken  of  as  wattless  power. 

Exercises  (210): 

1.  When,  in  an  AC  circuit,  is  the  apparent  power  equal  to 
the  true  powei  ? 


2.  V  "  ri  is  the  true  power  less  than  the  apparent  power? 


3.  What  is  the  formula  for  power  factor? 


4.  A  240  volt  AC  motor  records  35  in-line  amperes.  The 
in-line  wattmeter  shows  only  7600  watts  being 
consumed.  What  is  the  power  factor  of  the  AC  circuit? 


S.  What  is  the  portion  of  the  applied  power  that  produces 
the  magnetic  field  in  an  AC  circuit  called? 


1*4.  Basic  Electrical  Power  Sources 

Now  we  will  discuss  the  sources  of  voltage.  To  produce 
voltage,  some  form  of  energy  must  be  used  to  bring  about 
the  action  of  electrons.  The  six  basic  sources  of  .energy  that 
can  be  used  are  friction,  pressure,  heat,  light,  magnetism, 
and  chemical  action.  Although  all  of  these  sources  of 
energy  provide  some  practical  sources  of  power;  our 
discussion  will  be  limited  to  two  of  the  six.  llie  two  that 
supply  the  majority  of  our  power  are  magnetism  and 
chemical  action.  The  first  to  be  covered  is  a  power  supply 
that  makes  use  of  magnetic  energy. 

211.  Specify  the  fkinction  of  elementary  generators  and 
alternators. 

A  generator  is  a  machine  that  converts  mechanical 
energy  into  electrical  energy.  The  machinery  that  supplies 
mechanical  energy  to  the  generator  is  usually  called  the 
-prime  mover.  There  arc  many  types  of  prime  movers — 
water  power  and  diesel  or  gasoline  engines,  for  example. 
The  electrical  power  (electromotive  force)  output  from  a 
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generator  may  be  either  direct  current  or  alternating  cuncnt. 
depending  upon  the  construction.  However,  in  principle, 
the  rotating  coils  and  the  magnetic  field  through  which  they 
turn  arc  the  same  for  both  types  of  generators.  The  primary 
difference  between  AC  and  DC  generators  is  the  method  by 
which  the  current  is  taken  from  the  machine. 

Elementary  DC  Generator.  An  elementary  DC  generator 
can  produce  voltage  with  a  rotating  loop  of  wire  in  a 
magnetic  field.  In  a  generator,  we  have  two  sets  of  coils  and 
a  field;  one  set  of  coils  is  in  motion  and  the  other  set  of  coiLs 
acts  as  an  electromagnet  around  the  pole  pieces  to  set  up  a 
magnetic  field.  A  simplified  diagram  of  a  DC  generator  is 
illustrated  in  figure  1-33.  A  loop  of  wire  represents  the 
conductor  which  rotates  in  the  magnetic  field.  The  ends  of 
the  loop  terminate  in  two  copper  half  rings  that  are  insulated 
from  each  other.  Fixed  brushes  make  contact  with  the 
copper  rings  to  conduct  electricity  to  the  external  circuit. 
The  loop  is  rotated  in  a  clockwise  direction.  In  position  A, 
the  conductors  of  the  loop  are  moving  parallel  with  (he 
field;  and  since  the  conductor  is  not  cutting  the  lines  of 
force  there  is  no  voltage. 

At  position  B,  the  loop  is  moving  at  right  angles  to  the 
field  and  voltage  is  at  a  maximum.  At  position  C,  the  loop 
is  again  moving  parallel  with  the  field  and  voltage  is  zero. 
At  position  D,  the  loop  is  cutting  across  the  field  and 
voltage  is  again  at  a  maximum.  Notice  that  the  sides  of  the 
loop  have  now  reversed  themselves,  but  voltage  to  aie 
external  circuit  (the  galvanometer)  is  still  in  the  same 
direction.  As  the  brushes  are  stationary,  they  deliver  direct 
currerit  because  either  conductor  in  contact  with  a  particular 
brushes  will  have  the  same  direction  of  motion  across  the 
field.  Check  the  black  brush  in  figure  1-33  at  positions  B 
and  D,  and  you  will  see  that  the  sides  of  the  loop  change  but 
the  brushes  remain  stationary.  With  two  brushes  riding  on 
the  commutator  to  carry  the  current  on  an  external  circuit, 
you  will  have  an  elementary  DC  generator  producing  direct 
current. 

Elementary  AC  Generator.  A  simplified  diagram  of  an 
AC  generator  is  shown  in  figure  1-34.  The  difference 
between  the  DC  generator  and  the  AC  generator  is  in  the 
method  used  to  deliver  the  current  to  the  brushes.  In  the  AC 
generator,  sliprings  are  used  instead  of  a  commutator.  This 
means  that  the  same  side  of  the  loop  delivers  current  to  the 
same  brush  regardless  of  rotation;  otherwise,  the  operation 
is  the  same.  Figure  1-34  shows  the  loop  turning  in  a 
clockwise  direction. 

At  position  A,  the  conductors  are  moving  parallel  to  the 
field;  therefore,  no  voltage  is  produced.  At  position  B,  the 
conductors  are  cutting  across  the  field  and  the  galvanometer 
indicates  the  direction  of  current  by  the  needle  pointing  to 
the  right.  At  position  C,  the  meter  shows  zero  as  the 
conductors  are  again  moving  parallel  with  the  field.  At 
position  D,  the  conductors  are  again  cutting  the  field  and 
the  meter  shows  maximum  voltage  but  in  the  opposite 
direction.  What  happened?  At  position  B,  the  black  side  of 
the  loop  is  moving  up  through  the  field.  Now  the  black 
slipring  is  negative.  Current  is  directed  from  the  white 
sHpring  to  the  meter  and  back.  The  direction  of  current  in 
the  loop  reversed  itself  and  the  same  is  true  in  the  external 
circuit  to  the  meter. 


235 


ED- 139 

£0-138 


Figure  1-  34  .Simplificit  diagram  of  an  alternating-current  generator. 

Figure  1-33.  Simplified  diegram  of  a  direct-current  generator. 
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The  two  ends  of  the  loop  are  connected  to  sliprings.  Two 
brushes  ride  on  the  sliprings.  By  rotating  the  loop,  a  current 
is  generated.  The  current,  in  turn,  is  transferred  by  the 
brushes  to  an  external  circuit.  You  now  have  an  elementary 
AC  generator. 

An  AC  generator  and  a  DC  generator,  then,  are  identical 
in  generating  voltage  by  use  of  the  rotating  loop.  If  the 
current  is  taken  from  the  loop  by  sliprings,  it  is  an 
alternating  current  and  the  generator  is  called  an  AC 
generator.  If  the  current  is  collected  from  a  commutator,  it 
is  direct  current  and  the  generator  is  called  a  DC  generator. 
You  will  find  that  AC  generators  are  normally  referred  to  as 
alternators. 

Exercises  (2!!): 

1 .  What  is  the  function  of  a  generator? 


2.  Check  the  following  correct  statements  concerning 
generators  and  alternators. 

—  a.  Any  DC  generator  must  have  a  commutator. 

 b.  There  is  a  difference  between  the  rotating  coils 

and  the  magnetic  field  of  an  AC  and  DC 
generator. 

—  c.  If  current  is  taken  from  a  rotating  loop  by 

sliprings,  then  it  is  alternating  current. 
 d.  The  difference  between  AC  and  DC  generators  is 

the  method  of  collecting  the  current. 
 e.  When  the  generator  rotating  loop  is  parallel  with 

the  field,  it  will  be  producing  maximum  voltage. 

—  f .  A  generator  takes  the  energy  of  the  prime  mover 

and  changes  the  energy  to  electrical  power. 

212.  Identify  types  of  alternators,  and  state  the 
operation  of  single-  and  three-phase  output. 

Alternators.  Almost  all  of  the  alternators  used  in 
electrical  power  production  by  the  Air  Force  arc  of  the 
synchronous  type  with  rotating  fields  and  stationary 
armatures.  With  this  type  of  construction,  the  fields  are 
wound  on  rotor  poles  and, the  armature  coils  are  assembled 
inside  the  alternator  frame  to  form  a  stator  assembly. 

Types  of  alternators.  Generally  speaking,  alternators  are 
of  two  types — single-phase  and  three-phase.  They  all  look 
alike  but  are  constructed  differently.  Thy  operate  on  the 
principle  of  either  moving  conductors  across  a  magnetic 
field  or  moving  a  magnetic  field  across  the  conductors.  In 
either  case,  the  results  are  the  same.  However,  most  of  the 
AC  alternators  used  in  electrical  power  production  are 
designed  so  that  the  magnetic  field  is  moved  across  the 
conductors.  With  this  construction,  the  AC  output  is  taken 
directly  from  the  stationary  stator  coils.  Thus,  no  brushes  or 
sliprings  are  used  in  the  alternator  high  voltage  output,  but 
they  are  used  to  feed  relatively  low  DC  to  the  rotor  coils  to 
produce  the  magnetic  fields. 

Single-phase  alternator.  A  single-phase  alternator  is  the 
simplest  type.  Notice  the  schematic  wiring  diagram  of  the 
single-phase  alternator  in  figure  1-35.  As  shown  by  the  sine 
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Figure  1-35.  Schematicof  a  single-phase  alternator. 

wave  in  the  diagram,  the  rotor  revolves  through  one  full 
revolution  and  produces  one  cycle  of  alternating  current. 
The  first  half  revolution  of  the  rotor  produces  a  voltage  in 
one  direction  and  completes  the  first  half  of  the  cycle;  the 
second  half  revolution  produces  a  voltage  in  the  opposite 
direction  and  completes  the  last  half  of  the  cycle.  This 
alternator  will  produce  only  one  cycle  of  AC  voltage  during 
one  revolution  of  the  rotor.  Since  there  are  no  overlapping 
cycles  produced  by  the  alternator,  the  voltage  output  is  only 
single-phase. 

Three-phase  alternator.  The  output  of  the  three-phase 
alternator  can  be  used  to  operate  virtually  all  electrical 
equipment  at  any  Titan  missile  launch  complex.  For  this 
reason,  the  three-phase  alternator  is  most  commonly  used  in 
electrical  power  production.  While  the  output  of  this 
alternator  is  being  used  to  operate  three-phase  equipment, 
any  one  of  its  phases  can  be  used  simultaneously  to  operate 
single-phase  equipment. 

Figure  1-36,  a  wiring  diagram  of  the  three-phase 
alternator  shows  the  stator  fields  connected  in  pairs  to 
produce  a  three-phase  output.  As  the  rotor  turns  through 
one  revolution  each  phase  produces  one  cycle.  By 
overlapping  the  cycles,  as  shown  by  the  sine  wave,  the 
three-phase  alternator  produces  a  three-phase  voltage 
output. 

In  actual  construction,  the  rotor  pole  windings  of  an  AC 
alternator  are  electromagnets  whose  magnetic  strength  is 
controlled  by  the  amount  of  DC  voltage  applied  to  the 
brushes  and  sliprings.  An  increase  in  DC  voltage  applied  to 
the  brushes  and  sliprings  causes  an  increase  in  current 
through  the  rotor  pole  windings.  This  increase  in  current 
produces  a  stronger  magnetic  field  and  provides  a  greater 
AC  output.  On  the  other  hand,  when  less  DC  voltage  is 
applied  to  the  rotor  pole  windings,  the  alternator  will  have  a 
lower  AC  output. 

To  furnish  electric  current  for  exciting  the  rotor  pole 
windings  of  an  alternator,  a  source  of  direct  current  must  be 
provided.  This  current  is  produced  by  an  exciter.  The 
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Figure  1-36.  Schematic  of  a  three-phase  alternator. 

exciter  is  a  simple,  direct  current  generator  with  a  rotating 
armature  and  stationary  field  coils.  The  basic  components 
of  the  exciter  are  the  same  as  those  for  a  generator. 

As  the  rotor  of  a  three-phase  alternator  revolves,  each 
phase  delivers  voltage  in  a  given  sequence  according  to  the 
method  in  which  the  alternator  is  connected.  These  phase 
voltages  occur  120  electrical  degrees  apart.  That  is,  when  a 
cycle  is  started  in  a  given  direction  by  phase  one,  either 
phase  two  or  phase  three  must  start  a  cycle  in  the  same 
direction  120  electrical  degrees  later.  Also,  a  third  cycle 
must  be  started  in  the  same  direction  120  electrical  degrees 
after  the  start  of  the  second  cycle.  The  order  in  which  these 
cycles  are  generated  is  called  phase  rotation. 

Alternator  Output  Connections.  You  will  find  that  there 
are  two  methods  of  connecting  three-phase  alternators. 
These  are  the  DELTA  and  WYE  methods. 

Delta  connection.  With  the  delta  connection,  the  three 
alternator  phases  are  connected  together  as  you  see  in  figure 
1-37.  In  this  illustration,  each  coil  of  the  delta  represents 
one  phase  of  the  alternator.  The  voltage  between  any  two 
lines  is  the  same  as  the  voltage  of  the  coil  between  the  lines 
(phase  voltage).  For  example,  if  2400  volts  were  generated 
in  each  phase  of  the  alternator,  the  voltage  between  any  pair 
of  the  three  lines  would  also  be  2400  volts. 

Wye  connection.  With  the  wye-connected  alternator,  the 
phases  are  connected  as  shown  in  figure  1-38.  In  this  type 
connection,  the  voltage  between  any  phase  line  and  neutral 
is  equal  to  alternator  phase  voltage — 2400  volts  in  this 
illustration.  The  voltage  between  any  two  of  these  phase 
lines,  however,  is  approximately  4160  volts. 

Exercises  (212): 

1 .  What  are  the  types  of  alternators? 


2.  What  are  the  two  ways  that  an  alternator  might 
operate? 


3.   By  what  methods  might  a  three-phase  alternator  be 
connected? 


4.  What  are  the  operations  of  a  single-phase  alternator? 


5.  What  is  used  to  supply  the  DC  voltage  in  a  three-phase 
alternator  for  the  magnetic  field? 


6.   How  many  degrees  are  the  poles  set  apart  for  three- 
phase  operations  of  an  alternator? 


213.  Distinguish  between  primary  and  secondary  celb, 
and  specify  how  storage  batteries  are  constructed. 

Batteries.  A  battery  is  a  device  used  to  produce  a 
voltage  \  y  chemical  means.  When  such  a  source  of  voltage 
is  connected  to  a  closed  circuit,  chemical  energy  is  changed 
to  electrical  energy.  Other  than  generators,  chemical  action 
is  the  most  common  source  of  electrical  energy.  Today, 
most  of  us  use  batteries  in  some  way.  We  start  our  cars  and 
play  our  portable  radios  with  the  energy  from  a  battery.  We 
use  batteries  for  emergency  light  and  power,  for  alarm 
circuits,  and  for  the  operation  of  relays  and  other  devices. 

A  true  battery  is  made  up  of  units  called  cells.  The  terms 
**ceir'  and  "battery"  are  often  used  interchangeably.  All 
cells  are  divided  into  two  general  types — primary  and 
secondary.  Once  the  primary  cell  is  used  up  it  is  useless. 
On  the  other  hand,  the  secondary  cell  may  be  recharged.  In 
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Figure  I->37.  Delia  connection. 
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Figure  1-38.  Wye  connection. 


the  following  paragraphs  we  discuss  the  primary  cell  and 
the  storage  battery.  The  storage  battery  consists  of  two  or 
more  secondary  cells. 

The  primary  cell.  There  are  many  sizes  and  shapes  of 
primary  cells  in  use  today  and  to  try  to  cover  them  all  would 
take  a  book  in  itself.  The  most  common  primary  cell  is  the 
dry  cell,  the  type  used  in  an  ordinary  flashlight.  A  cross- 
sectional  view  of  a  dry  cell  is  shown  in  figure  1-39.  The  two 
terminals  are  connected  to  plates  in  the  cell  and  are  called 
electrodes.  The  zinc  can  serve  as  the  negative  electrode,  as 
well  as  the  container  for  the  cell;  the  carbon  rod  serves  as 
the  positive  electrode.  The  electrolyte  consists  of  a 
chemical  dissolved  in  water  and  mixed  with  a  thick  paste. 
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Figure  1-39.  Primary  (diy)  cell. 


The  paste  prevents  the  electrolyte  from  spilling.  1  he  top  oi 
the  cell  is  sealed  to  prevent  evaporation  of  moisture  and  to 
keep  the  contents  of  the  can  from  spilling.  Connections  to 
the  cell  are  made  by  means  of  the  terminal  posts  which  are 
connected  to  the  zinc  and  carbon  electrodes. 

When  the  cell  is  connected  to  a  circuit,  a  chemical 
reaction  takes  place  Setween  the  electrolyte  and  the 
negative  electrodes.  This  reaction  results  in  a  current  flow 
from  the  negative  terminal  through  the  external  circuit  and 
back  to  the  positive  terminal. 

A  single  primary  cell  of  the  type  shown  in  figure  1-39 
develops  a  voltage  of  l.S  volts.  Keep  in  mind  that  the  size 
of  the  cell  has  nothing  to  do  with  the  voltage  that  it  can 
develop.  The  voltage  depends  on  two  factors  only — the 
type  of  electrolyte  and  the  electrode  materia).  The  amount 
of  current  that  a  cell  can  furnish,  however,  is  dependent 
upon  the  area  of  the  plates  exposed  to  the  electrolyte,  or  the 
amount  of  current  is  directly  dependent  on  the  cell  size. 
This  is  why  flashlight  batteries  are  quite  small,  whereas 
batteries  designed  for  heavier  current  flow  are  much  larger. 

We  said  that  the  voltage  developed  by  a  primary  cell  is 
1 .5  volts.  This  is  the  open  circuit  or  no-load  voltage.  When 
a  cell  is  supplying  current  to  a  circuit,  the  voltage  is 
somewhat  lower.  The  voltage  under  a  load  is  called 
terminal  voltage. 

The  storage  battery.  The  most  common  storage  battery 
is  the  lead-acid  type,  so  called  because  the  plates  are  made 
of  lead  and  the  electrolyte  is  acid.  Probably  the  type  of 
storage  battery  with  which  you  are  most  familiar  is  the  type 
used  in  cars  and  trucks  (see  fig.  1-40). 

In  a  previous  paragraph,  we  defined  a  battery  as  being 
made  up  of  two  or  more  cells.  The  exact  number  of  cells,  of 
course,  depends  on  the  desired  voltage.  Most  cars,  for 
example,  use  a  12- volt,  Jead-acid  battery.  The  battery 
consists  of  six  cells  (2  volts  each)  connected  in  series. 

The  battery  is  contained  in  a  case  that  is  divided  into 
compartments;  one  compartment  for  each  cell.  Groups  of 
positive  and  negative  plates  are  assembled  to  form  an 
element  and  «ach  element  makes  up  one  cell.  The  elements 
are  immersed  in  a  sulfuric  acid  and  water  solution  called 
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Figure  1-40.  Lead-acid  battery. 


electrolyte.  Thin  sheets  of  wood,  porous  rubber,  or  glass 
fiber  (called  separators)  are  placed  between  the  plates  to 
prevent  them  from  touching  and  causing  a  short  circuit. 

The  battery  plates  are  made  in  tlie  form  of  a  grid  which  is 
filled  with  a  soft  lead  paste,  the  active  material  in  the  plates. 
Several  plates  are  put  together  to  form  a  positive  group  and 
a  negative  group.  The  plates  of  each  group  are  connected 
together  and  then  connected  to  the  external  terminal  or 
connecting  post. 

When  a  lead-acid  type  battery  is  charged  and  in  operating 
condition,  the  active  material  on  the  positive  plates  is  lead 
peroxide,  and  on  the  negative  plates  it  is  spongy  lead.  When 
the  battery  is  discharging,  the  plates  undergo  a  chemical 
change.  The  acid  from  the  electrolyte  unites  with  the  active 
plate  material,  and  lead  sulfate  is  formed  on  both  the 
positive  and  the  negative  plates.  During  discharge,  the  acid 
content  of  the  electrolyte  is  decreased.  If  .  the  battery  is 
allowed  to  continue  discharging,  the  sulfate  deposit  on  the 
plates  increases  until  no  further  chemical  action  can  take 
place.  In  this  condition,  the  battery  is  said  to  be  completely 
discharged.  Under  normal  operating  conditions  the  battery 
is  not  allowed  to  become  completely  discharged.  A  battery 
in  which  the  plates  have  been  allowed  to  accumulate  a 
heavy  deposit  of  lead  sulfate  is  practically  useless  because  it 
is  almost  impossible  to  recharge  a  battery  in  this  condition. 

The  voltage  of  a  battery  is  determined  by  the  number  of 
cells  that  it  has  connected  in  series.  Although  the  op^n- 
circuit  voltage  of  a  lead -acid  cell  is  approximately  2.2 
volts,  the  cell  is  normally  rated  at  only  2  volts  because  it 
drops  to  that  value  under  load.  A  battery  rated  at  12  volts 
consists  of  6  lead-acid  cells  connected  in  series,  while  a 
battery  rated  at  24  volts  has  12  cells. 

Another  type  of  storage  battery  used  in  the  Air  Force  is 
the  nickel-cadmium  (see  fig.  1-41).  Its  name  comes  from 


the  composition  of  the  plates — nickel  in  the  positive  plate 
and  cadmium  in  the  negative  plate.  Each  cell  of  this  battery 
is  housed  in  a  rubber  case  protected  by  a  steel  can.  A  special 
hydrometer  is  used  to  check  the  level  of  distilled  water  that 
is  added  to  the  cells  to  replace  water  lost  by  evaporation. 
Unlike  the  lead-acid  batiery,  the  nickel-cadmium  battery 
containr«  an  electrolyte  solution  of  potassium  hydroxide  and 
distilled  water.  This  electrolyte  has  no  charge  because  it 
acts  as  a  carrier  of  ions.  For  this  reason,  standard 
hydrometer  readings  are  of  no  value  in  determining  the  state 
of  charge  in  a  nickel-cadmium  battery. 

Nickel-cadmium  storage  batteries  have  several  major 
advantages  over  other  types  of  storage  batteries.  These 
batteries  will  recharge  by  the  constant  potential  method 
with  high  initial  current  loads  and  will  maintain  a  relatively 
steady  voltage  when  being  discharged  at  a  high  current 
flow.  It  is  possible  for  these  batteries  to  stand  idle  in  any 
state  for  a  long  period  of  time  without  damage.  They  can 
withstand  extremely  cold  temperatures  and  are  not  subject 
to  failure  by  vibration  or  severe  jolting.  Installation  and 
maintenance  of  battery  banks  and  chargers  will  be  covered 
in  detail  later  in  this  course. 

Exercises  (213): 

1.  What  is  the  difference  between  a  primary  and  a 
secondary  cell? 


2.  When  fully  charged,  what  materials  make  up  the 
negative  and  positive  plates  of  a  lead-acid  battery? 


3.  What  solution  is  used  for  the  electrolyte  in  a  lead-acid 
battery? 
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Figure  1-41.  Nickel-cadmium  battery. 
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4.  What  solution  is  used  for  the  electrolyte  in  a  nickel- 
cadmium  battery? 


1-5.  Transformer  Theory  and  Application 

In  the  discussion  of  electromagnetism  and  production  of 
electromotive  force,  you  found  out  that  the  induction  of  a 
voltage  requires  a  relative  motion  between  a  magnetic  field 
and  a  conductor,  and  that  the  motion  is  produced 
mechanically  in  generators  and  alternators.  We  can  also 
produce  this  relative  motion  electrically  by  building  up  and 
collapsing  a  magnetic  field. 

214.  Given  pertinent  information,  determine  the  output 
from  the  secondary  winding  of  a  transformer,  specify 
the  transformer  action  that  induces  voltage^  and  name 
the  main  parts  of  a  transformer. 

Transformers.  A  transformer  is  a  device  with  no 
moving  parts.  It  transfers  energy  from  one  circuit  to  another 
by  electromagnetic  induction.  The  energy  is  always 
transferred  without  a  change  in  frequency.  The  change  is 
usually  in  voltage  and  current. 

Tran^^formers  are  built  in  various  shapes  and  sizes  and 
serve  various  purposes.  A  step- up  transformer  receives 
electrical  energy  at  one  voltage  and  delivers  it  at  a  higher 
voltage.  A  step-down  transformer  receives  energy  at  one 
voltage  and  delivers  it  at  a  lower  voltage.  Transformers 
require  little  care  and  maintenance  because  of  their  simple, 
rugged,  and  durable  construction.  The  high  efficiency  of 
transformers  is  responsible  for  the  extensive  use  of 
alternating  current . 

Various  types  of  small  transformers  are  used  in  a 
switchgear.  In  many  installations,  transformers  are  used  on 
switchboards  to  step  down  the  voltage  for  indicating  lights, 
instruments,  and  electrical  protective  devices.  Other 
common  uses  include  low-voltage  supplies  for  lighting 
circuits,  etc. 

Instrument  transformers  include  both  voltage  and  current 
transformers.  They  are  commonly  used  with  AC 
instruments  to  measure  high  voltages  or  large  currents  and 
to  isolate  the  high-power  circuits. 

Electronic  circuits  and  devices  use  many  types  of 
transformers  to  provide  necessary  voltages  for  proper 
operation  of  components.  The  physical  construction  of 
these  transformers  differs  widely  and  is  not  pertinent  here. 

Transformer  action.  If  you  apply  an  alternating  current 
to  an  electromagnet,  a  magnetic  field  will  build  up  and 
collapse  during  each  half  cycle.  In  other  words,  the 
magnetic  field  that  the  current  builds  up  during  one-half  of 
the  cycle  will  collapse  and  build  up  in  the  opposite  direction 
during  the  next  half  of  the  cycle.  For  example,  a  60-cycle 
current  will  build  up  and  collapse  a  magnetic  field  120 
times  per  second.  If  a  second  winding  is  placed  around  the 
iron  core,  the  same  magnetic  field  will  build  up  and 
collapse  across  the  turns  on  the  second  winding  and  induce 
a  voltage  in  this  second  circuit.  This  action  is  called 
transformer  action  and  is  the   principle  upon  which 
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transformers  operate.  In  actual  construction,  the  iron  core 
of  a  transformer  has  two  windings  (see  fig.  1-42):  the  input, 
or  primary  winding,  and  the  output,  or  secondary  winding. 
If  both  windings  have  the  same  number  of  turns,  the  voltage 
and  current  induced  in  the  secondary  winding  are  the  same 
as  that  applied  to  the  primary  winding.  If  the  secondary  has 
more  tunis  than  the  primary,  a  greater  voltage  and  a  smaller 
u.aount  of  current  is  induced  in  the  secondary  than  that 
applied  to  the  primary.  If  the  secondary  has  fewer  turns 
than  the  primary,  a  lesser  voltage  and  a  greater  amount  of 
current  is  induced. 

Transformer  ratio.  The  ratio  between  the  number  of 
turns  in  the  primary  to  the  number  of  turns  in  the  secondary 
determines  the  voltage  ratio  of  the  transformer.  Figure  1-42 
illustrates  the  relaiionship  between  the  turns  ratio  and  the 
voltage.  If  the  left-hand  coil  is  connected  to  a  1 10- volt  AC 
source,  it  would  be  the  primary  winding.  The  turns  ratio 
would  be  stated  as  1  to  2,  the  primary  number  being  given 
first  because  there  are  twice  as  many  voltage  turns  (22)  in 
the  secondary  as  in  the  primary.  The  voltage  induced  in  the 
secondary  (220)  is  twice  the  voltage  applied  to  the  primary. 
A  transformer  with  a  greater  secondary  voltage  is  called  a 
step-up  transformer.  If,  in  figure  1-42,  we  applied  220  volts 
to  the  22-tum  winding,  the  output  of  the  secondary  (11 
turns)  would  be  1 10  volts.  This  would  be  called  a  step-down 
transformer  because  the  secondary  voltage  would  be  less 
than  the  primary.  The  ratio  of  the  transformer  when 
connected  in  this  way  is  stated  as  2  to  1 . 

Transformer  taps  and  ratings.  Transformers  are  often 
wound  with  the  secondary  split  into  two  coils  so  that  two 
voltages  are  available.  A  24G-volt  secondary  that  has  a  lead 
brought  out  from  a  center  tap  will  give  120  volts  between 
the  center  tap  and  either  end  of  the  coil,  whereas  the  full 
winding  produces  240  volts.  Taps  are  also  used  for  voltage 
regulation  in  power  distribution  transformers.  A  series  of 
taps  are  brought  out,  and  by  changing  the  tap  connection, 
the  voltage  is  changed.  Distribution  transformers  are 
usually  tapped  for  a  10-percent  change  in  steps  of  2.5 
percent.  Transformer  windings  are  insulated  for  the  voltage 
rating  stamped  on  the  nameplate.  They  may  be  used  on 
lower  voltages,  but  should  not  be  used  on  higher  voltages 
because  the  insulation  would  break  down. 

A  transformer  will  always  have  a  small  current  in  the 
primary  winding  when  it  is  connected  to  a  power  source. 
This  is  the  current  necessary  to  set  up  the  magnetic  field  in 
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Figure  1-^2.  Basic  transformer. 
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the  core,  the  charging  or  magnetizing  current.  The  power 
rating  of  a  transformer  is  given  on  the  nameplate.  This  is  the 
safe  loading  rating  of  the  transformer  and  should  not  be 
exceeded.  You  should  remember  that  the  transformer  is 
changing  electrical  power  from  one  voltage  value  to 
anod>er.  The  greatest  advantage  in  transformer  use  is  to 
transmit  power  over  considerable  distances  at  a  high 
voltage  and  then  to  step  it  down  to  the  desired  usable  value 
at  the  point  of  use. 

Points  to  remember.  The  following  points  will  help 
explain  to  you  the  theory  of  the  transformer  operation: 

a.  A  transformer  is  an  AC  device  that  has  a  primary 
winding,  a  secondary  winding,  and  an  iron  core. 

b.  The  primary  and  secondary  are  insulated  from  each 
other  but  are  linked  by  the  action  of  the  magnetic  field, 
which  produces  mutual  induction. 

c.  The  number  of  turns  in  the  windings  determines  the 
turns  ratio  of  the  transformer  and  the  ratio  between  the 
primary  and  the  secondary  voltages. 

rf.  A  step-up  transformer  produces  a  secondary  voltage 
that  is  higher  than  the  primary  voltage.  Secondary  current  is 
less  than  the  primary  current. 

A  step-down  transformer  produces  a  secondary 
voltage  lower  than  the  primary.  Here  the  secondary  current 
is  greater  than  the  primary  current. 

/.  The  secondary  winding  may  be  center-tapped  to 
produce  more  than  one  voltage. 

The  transformer  is  one  of  the  most  efficient  electrical 
devices  in  use;  it  loses  very  little  power. 

Exercises  (214): 


1. 


If  the  ratio  of  a  transformer  is  6  to  1  and  the  applied 
voltage  to  the  primary  is  120  VAC,  what  is  the  voltage 
output  from  the  secondary? 


2.  What  Isolates  instruments  from  high  voltages  or  large 
currents? 


3.  What  will  the  transformer  with  a  l-to-2  turn  ratio  do  to 
the  voltage? 


4.  What  causes  voltage  to  be  induced  in  the  magnetic 
field? 


5.  Name  the  main  parts  of  a  transformer. 


What  can  you  do  to  the  secondar>'  winding  of  a 
transformer  to  produce  more  than  one  voltage? 


I'^.  Solld-State  Devices 

Solid-state  devices  have  revolutionized  the  electronics 
industry  and  are  being  applied  in  control  devices  throughout 
the  field.  An  in-depth  coverage  of  these  devices  will  not  be 
presented  in  this  text  since  many  volumes  can  be  written  on 
theory  and  application  of  these  components;  however,  we 
will  discuss  how  they  are  applied  in  control  circuitry. 

215.  Specify  transistor  operation  in  an  electrical  circuit. 

Transistors,  Transistors  have  extremely  long  life  and 
contribute  immensely  to  the  dependability  and  maximum 
life  of  electronic  circuitry  and  components.  A  transistor  is  a 
rugged  component  that  will  withstand  vibration  stress  and 
shock.  It  uses  very  little  current  and  is  small  in  physical  size 
for  the  job  it  does.  Its  major  disadvantage  is  its  sensitivity  to 
heat  and  changes  in  temperature.  The  transistor  is  a  three- 
element  device  made  up  of  semiconductor  materials.  They 
are  manufactured  by  several  methods.  The  most  popular 
method  is  by  growing  a  crystal. 

A  transistor  functions  like  a  vacuum  tube  in  a  circuit  in 
that  it  conducts  current  in  one  direction  more  easily  than  in 
the  other  direction.  A  transistor  also  has  a  third  element  that 
acts  like  an  electron  gate  or  switch,  which  allows  more  or 
fewer  electrons  to  flow  in  the  conducting  direction. 
Transistors  are  made  in  two  basic  types.  A  transistor  may  be 
a  P-N-P  or  an  N-^P^N-type.  Figure  N43  shows  the  leads 
and  electronic  symbols  for  the  two  types.  Each  transistor 
has  an  emitter,  a  base,  and  a  collector.  After  the  transistor 
crystals  are  formed  and  the  leads  are  attached,  the  entire 
assembly  is  placed  in  a  metal  enclosure,  as  shown  in  figure 
1-44. 

The  materials  used  as  the  emitter  and  collector  in  a 
transistor  are  normally  the  same  size.  The  material  used  as 
the  base  is  usually  much  smaller  than  that  of  the  emitter  and 
collector. 

Leads  are  connected  to  the  three  different  parts  of  the 
transistor:  the  emitter^  base,  and  collector.  Of  course,  it  is 
important  to  know  which  lead  is  connected  to  which  part  so 
^hat  the  transistor  can  be  connected  in  the  circuit  correctly. 
There  are  several  different  methods  you  can  use  to 
distinguish  the  difference  between  the  emitter,  base,  and 
collector  leads  on  an  actual  transistor.  One  of  these  is  the 
spacing  of  leads.  In  certain  transistors  there  will  be  a  large 
space  between  two  of  the  leads,  and  the  other  two  leads  will 
be  close  together.  The  center  lead  will  always  be  the  base 
lead.  The  lead  closest  to  the  base  lead  is  the  emitter  lead. 
The  remaining  lead  is  the  collector  lead.  This  method  is 
shown  in  figure  1-44, A. 

Another  method  is  to  mark  the  collector  lead  with  a  red 
dot,  as  shown  in  figure  1-44,B.  The  red  dot  indicates  the 
collector  lead.  The  lead  farthest  away  from  the  collector 
lead  is  the  emitter  lead.  The  middle  lead  is  the  base  lead. 
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Figure  1-43.  Types  and  symbols  of  transistors. 


The  third  method  is  by  using  numbers  1 ,  2,  and  3.  Lead  1 
is  the  collector  lead,  lead  2  is  the  base  lead,  and  lead  3  is  the 
emitter  lead.  Figure  1-45  shows  this  method. 

With  a  direct  current  of  the  correct  polarity,  positive  on 
the  emitter  and  negative  connected  to  the  collector,  current 
can  be  made  to  flow  through  the  transistor  if  a  negative 
signal  is  applied  to  the  base  of  the  transistor.  This  signal, 
must  be  applied  between  the  base  and  the  emitter.  This 
current  is  known  as  base  current.  The  transistor  will 
conduct  current  from  the  emitter  to  the  collector  in 
proportion  to  the  base  current  flowing  from  the  emitter  to 
the  base.  The  stronger  this  base  current,  the  more  current 
flow  through  the  emitter  collector  circuit.  The  action  is 
exactly  the  same  as  a  spring-return  water  valve;  the  harder 
the  handle  (base)  is  pushed,  the  more  water  (collector 
current)  flow. 

Relatively  small  base  currents  (microamperes)  and 
voltages  (1  volt  is  typical)  cause  relatively  large  (several 
milliamperes)  currents  to  flow  in  the  collector  circuit. 

The  three-element  transistors  we  have  discussed  can  be 
connected  into  three  basic  types  of  circuits,  as  shown  in 
figure  1-46.  These  are  the  common  base,  common  emitter, 
and  common  collector  circuits.  In  the  common  base  circuit. 


as  shown  in  A  of  figure  1-46,  the  input  and  output  voltages 
arc  in  phase.  This  type  of  circuit  is  used  when  high  voltage 
gain  is  desired.  In  B  of  figure  1-46,  the  transistor  is 
connected  in  a  common  emitter  circuit.  The  emitter  lead  is 
conamon  to  both  the  input  and  output  circuits.  The  input  and 
output  voltages  of  this  circuit  are  180°  out  of  phase.  This 
circuit  is  used  when  a  high  cuirent  or  power  gain  is  desired. 
In  figure  1-46,  the  transistor  is  connected  in  a  common 
collector  circuit.  In  this  circuit,  the  input  and  output  signals 
arc  also  in  phase.  This  circuit  has  a  high  input  impedance 
and  is  capable  of  unit  voltage  gain.  All  of  the  above  circuits 
are  used  in  various  controlling  devices,  such  as  voltage 
regulators  and  governor  controls  in  power-roduction 
equipment. 

Exercises  (215): 

1 .  Why  does  a  transistor  basically  function  the  same  as  a 
vacuum  tube  in  a  circuit? 


2.  How  can  the  base  lead  of  a  transistor  usually  be 
identified  in  a  circuit? 


BOTTOM  VIEW 
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Figure  1-44.  Transistor  lead  identificalion. 
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Figure  1-45.  Transistor  marking. 
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3.  How  is  a  transistor  connected  in  a  circuit  when  a  high 
voltage  gain  is  desired? 


216.  Specify  the  operation  and  use  of  diodes  ^nd 
rectiflers. 

Diode  Operation.  The  diode  is  constructed  of  two 
elements  and  is  a  unilateral  conductor.  This  means  that  it 
has  two  connections  and  that  current  will  flow  through  it  in 
only  one  direction.  A  junction  diode  is  shown  in  figure  !- 
47.  It  consists  of  two  dissimilar,  semiconductor  materials 
that  are  joined  together.  When  the  P-  and  N-type  materials 
are  joined,  they  are  called  P~N  junctions  or  junction  diodes. 
One  external  lead  is  connected  to  the  P  section  and  the  other 
to  the  N  section.  Normally  the  N  material  is  the  emitter,  and 
the  P  material  is  the  collector.  It  is  important  to  remember 
that  a  diode  has  a  high  resistance  when  connected  in  a 
reverse  direction  and  ?  very  low  resistance  in  the  forward 
direction. 

Rectifier  (Diode).  When  a  diode  is  used  as  a  rectifier,  it 
may  physically  appear  as  shown  in  figure  1-48.  The  arrow 
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Figure  1-47.  Junction  diode. 
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indicates  the  direction  of  current  flow  and  is  printed  on  the 
side  of  the  diode.  The  current  flows  from  the  top  to  the 
bottom  or  through  the  stud.  This  is  a  normal  polarity 
rectifier  diode.  Other  types  of  rectifiers  are  manufactured 
with  the  polarity  reversed;  the  flow  of  current  is  then  in  the 
opposite  direciton.  The  arrow  on  the  case  will  be  pointed 
toward  the  top  of  the  rectifier.  When  it  is  necessary  to 
change  a  rectifier,  the  polarity  marics  must  be  observed  and 
the  Replacement  must  have  exactly  the  same  polarity. 

Silicon-Controlled  Rectifier  (SCR).  A  silicon- 
controlled  rectifier  is  a  very  special  diode.  In  addition  to  the 
two  normal  connections  of  a  diode,  the  SCR  has  a  third 
connection  called  a  gate.  Figure  1-49  shows  an  SCR  and 
SCR  symbol.  Regardless  of  the  direction  in  which  this  SCR 
is  connected  in  a  circuit,  it  will  not  conduct  until  a  voltage 
or  current  pulse  * .  applied  to  the  gate  in  proper  polarity.  The 
SCR  will  then  conduct  and  keep  on  conducting  until  its 
input  voltage  drops  to  zero  or  changes  polarity,  or  its  output 
voltage  changes  polarity.  Figure  1-50  shows  a  simple  SCR 
switching  circuit.  When  the  switch  is  closed  momentarily,  a 
positive  voltage  is  applied  to  the  gate  and  forward  biases  the 
center  P~N  junction.  The  SCR  turns  on  and  remains  so  until 
the  forward  voltage  is  removed  or  reversed. 

Zener  Diode.  A  2fener  diode  is  very  much  like  a  small 
rectifier.  It  is  processed  to  allow  a  current  to  flow  through  it 
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Figure  1^9.  SCR  and  SCR  symbol. 

in  a  direction  which  is  reverse  to  the  flow  that  would  occur 
if  it  were  a  rectifier.  Current  can  flow  through  a  Zener  diode 
in  both  directions.  In  the  forward  direction,  current  will 
flow  at  a  very  low  voltage,  usually  at  about  1  volt.  In  the 
reverse  direction,  no  current  will  flow  until  the  voltage 
impressed  across  it  is  equal  to  the  Zener  voltage.  At  this 
point,  a  current  will  flow  and  an  extremely  small  increase  in 
voltage  will  cause  the  current  to  increase  enormously. 
Figure  1-51, A,  shows  an' outline  of  a  Zener  diode,  and  1- 
51,B,  shows  the  electrical  symbol.  Note  that  the  current 
flow  through  this  device  is  in  the  reverse  direction  as 
compared  to  that  of  a  normal  rectifier. 

Metallic  Rectifiers.  The  principal  metallic  rectifiers  are 
the  copper-oxide  and  the  selenium-oxide  rectifiers  shown  in 
figure  1-52.  Both  are  rectifiers,  because  they  permit  current 
to  flow  more  readily  in  one  direction  than  in  the  other.  A 
copper-oxide  rectifier  consists  of  a  thin  film  of  copper  oxide 
on  a  copper  plate.  This  you  can  see  in  an  exaggerated  form 
in  detail  B.  A  selenium-oxide  rectifier,  detail  C,  consists  of 
a  prepared  film  of  selenium  on  a  metallic  substance  such  as 
iron.  A  selenium-oxide  rectifier  has  a  somewhat  lower 
resistance  than  the  copper-oxide  type  and  is,  therefore, 
more  efficient,  since  it  can  pass  higher  current.  This  type  of 
rectifier  cannot  stiand  high  voltages,  because  the  selenium 
tllm  is  very  thin.  Therefore,  an  appropriate  number  of 
rectifier  plates  must  be  connected  in  series  to  withstand  a 
given  peak  inverse  voltage  (PIV).  For  example,  several 
rectifier  units,  as  shown  in  figure  1-52,  C,  can  be  connected 
in  series  to  increase  the  allowable  PIV.  This,  of  course, 
increases  the  rectifier  resistance  and  resultant  IR  drop. 

Exercises  (216): 

1 .  Why  should  an  ordinary  diode  be  connected  in  a  circuit 
to  conduct  in  one  direction  only? 
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Figure  1-50.  A  simple  SCR  switching  cirnii!. 

2.   How  is  the  direction  of  current  Oow  indicated  on  a 
rectifier  diode? 


3 .  What  causes  an  SCR  to  conduct  and  for  what  duration? 


4.   How  can  metallic  rectifiers  be  connected  to  withstand 
a  higher  peak  inverse  voltags? 


5.   How  does  a  Zener  diode  differ  from  other  diodes? 


;.7,  Identify  characteristics  of  magnetic  ampUfiers. 

Magnetic  Amplifiers.  A  magnetic  amplifier  is  a  static 
device  that  controls  a  magnetic  field  to  accomplish  its 
purpose.  The  core  and  windings  make  it  similar  in 
appearance  to  a  transformer.  It  is  designed  so  that  small 
changes  in  the  input  will  result  in  large  changes  in  the 
output.  A  saturable  reactor  is  the  basic  part  of  a  magnetic 
amplifier. 

Saturable  re^ictor.  A  simplified  diagram  of  a  saturable 
reactor  is  shown  in  figure  1-53.  It  has  two  windings  on  an 
iron  core.  The  AC  coil  is  called  the  load  winding  and  the 
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Figure  1-51.  2^ner diode. 
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Figure  1-52.  Metalic  recutiers. 

DC  coil  is  called  the  bias  winding.  The  core  is  made  of 
special  material  that  can  be  saturated  easily  with  a  magnetic 
field.  By  turning  the  rheostat,  the  current  in  the  bias 
winding  can  be  varied.  This  current  changes  the  saturation 
of  the  core,  which,  in  turn,  changes  the  impedance  in  the 
load  winding  and  determines  the  output  voltage  across  the 
load.  If  there  were  zero  impedance  in  the  load  winding,  the 
full  applied  voltage  would  be  found  across  the  load.  With 
very  high  impedance  in  the  load  winding,  you  would  have 
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Figure  1-53.  Simple  sanjrable  reactor. 


very  little  voltage  drop  across  the  load.  Remember  that 
impedance  is  like  resistance,  and  the  load  winding  is  in 
series  with  the  load.  TTie  load  winding  acts  like  a  variable 
resistance.  When  the  core  is  operating  near  the  saturation 
level,  only  a  small  change  in  the  bias  current  is  required  to 
cause  a  large  change  in  the  load. 

Simple  magnetic  amplifier.  The  addition  of  another 
winding  to  the  core  of  a  saturable  reactor  will  make  a 
simple  magnetic  amplifier,  as  illustrated  in  figure  1-54. 
This  is  a  control  winding,  which  is  also  supplied  with  DC 
and  has  a  rheostat  to  adjust  the  current,  as  in  the  bias 
winding.  The  control  and  bias  rheostats  are  adjusted  to  a 
point  slightly  below  core  saturation.  The  load  current  can 
now  be  varied  by  changing  the  control  current.  Increasing 
the  control  current  brings  the  core  closer  to  saturation  and 
increases  the  load  current.  Decreasing  the  control  current 
will  cause  a  decrease  in  load  current. 

You  should  remember  from  your  study  of  electromagnets 
that  the  strength  of  the  field  depends  on  the  number  of  turns 
and  the  current  in  the  coil.  A  coil  with  a  great  many  turns 
and  a  small  current  can  produce  a  relatively  strong  magnetic 
field.  This  is  the  principle  that  is  applied  to  the  control 
winding  to  make  the  unit  amplify.  This  is  the  reason  that  a 
small  change  in  control  current  can  cause  a  large  change  in 
the  output.  Where  output  demands  are  too  high  for  one  unit, 
a  two-stage  magnetic  amplifier  is  used.  The  output  of  the 
first  stage  supplies  the  control  winding  of  the  second  stage. 
Even  large  generator  plants  have  their  output  automatically 
controlled  in  this  way. 


Figure  1-54.  Simple  magnetic  amplifier. 
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Exercises  (217):  saturation,  a  large  bias  current  is  required  to 

Mark  the  following  statements  true  (T)  or  false  (F)  in  the  ^^"^      change  to  the  load. 

space  provided,  and  correct  false  statements.   7*^^  ^  coil  is  the  load  winding  and  the  AC  coil 

,                        ,    .  ^.          ...  isthebias  winding  in  a  magnetic  amplifier. 

 1 .    When  a  control  winduig  is  added  to  a  saturable   4.    Increasing  the  number  of  turns  and  current  in 

reactor,    it    becomes    a    simple    magnetic  the  control  winding  of  a  magnetic  amplifier  will 

^     f,"?P""®.^'           ^  bring  the  core  closer  to  saturation  quickly. 

 2.    When  the  core  of  a  saturable  reactor  is  near   5.    The  control  and  bias  rheostats  arc  adjusted  just 

above  core  saturation. 
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CHAPTER  2 


Electrician's  Tools 


THE  AIR  FORCE  electrician  is  primarily  responsible  for 
electrical  systems  installed  inside  buildings  as  opposed  to 
the  powerline  specialist,  who  is  responsible  for  outside 
distribution  systems.  Among  your  responsibilities  as  an 
electrician  are  the  installation  and  maintenance  of  interior 
electrical  circuits  and  devices.  You  will  install, 
troubleshoct,  and  repair  electrical  equipment.  To  perform 
these  tasks,  you  must  know  what  handtools,  special  tools, 
or.power  tools  you  need  and  how  to  use  thenfi  effectively. 

In  this  chapter,  we  will  give  you  information  on  how  to 
select  and  use  tools,  and  some  safety  precautions  when 
using  them.  The  information  will  be  presented  under  the 
following  headings:  common  handtools,  special  tools,  and 
power  tools.  We  also  discuss  test  equipment. 

2-1.  Common  Handtools 

Regardless  of  the  type  of  work  to  be  done,  you  must 
select  and  use  the  correct  handtool.  Without  the  right  tools 
and  the  knowledge  of  how  to  use  them,  the  electrician 
wastes  time  and  cuts  down  his  or  her  efficiency.  This 
efficiency  in  using  handtools  is  aiso  determined,  to  a  great 
extent,  by  the  condition  in  which  you  keep  your  tools.  A 
good  electrician  will  take  care  of  his  or  her  tools  and  will 
select  the  proper  tool  for  the  job.  Therefore,  we  will  begin 
by  discussing  the  most  common  handtools.  such  as 
screwdrivers,  pliers,  wrenches,  hammers,  and  vises. 

218.  Identify  functions  and  uses  of  selected  common 
handtools. 

Screwdrivers.  The  screwdriver  is  one  of  the  most 
common  handtools;  because  it  is  so  common,  everyone 
thinks  he  or  she  knows  how  to  use  it  properly.  It  usually 
winds  up  being  the  most  abused  tool.  Some  of  the  abuse  is  a 
resu  It  of  not  knowing  the  type  or  proper  use  of  the  tool . 

Types,  use,  and  selection.  There  are  several  types  of 
screwdrivers.  However,  there  are  two  main  types  of 
screwdriver  blades:  the  Phillips  (crosspoint  or  cross  slot) 
and  the  standard  (common)  blade.  Each  type  is  designed  to 
fit  a  particular  type  of  screw,  as  shown  in  figure  2-1. 
Within  each  there  are  several  sizes  and  shapes.  The  size  is 
measured  from  the  base  of  the  handle  to  the  tip  of  the  blade, 
which  is  called  the  shank.  The  common  sizes  are  3,  4,  5,  6, 
8,  10,  and  12  inches.  The  shape  can  be  an  offset,  straight, 
or  flared  tip.  The  offset  shape  can  be  a  standard  or 
crosspoint  blade.  See  figure  2-2  for  examples  of  various 
sizes  and  shapes  of  screwdrivers.  The  types  that  you  will 
use  most  are  the  standard  straight  or  flared  tip,  and  the 
crosspoint. 


The  standard  screwdriver  is  used  where  the  screw  or  bolt 
is  slotted  in  the  standard  manner.  The  crosspoint  is  used 
only  on  screwheads  or  boliheads  that  are  cross  slotted.  The 
offset  is  used  when  it  is  impossible  to  get  at  a  screwhead 
with  a  standard  or  crosspoint  screwdriver  because  of  the 
small  clearance. 

Use  screwdrivers  only  for  the  job  for  which  they  are 
designed  — to  drive  and  remove  screws.  Never  use  the 
screwdriver  as  a  prybar  or  chisel.  If  you  do.  you  are  likely 
to  break  the  blade.  When  you  turn  a  screw,  hold  the 
screwdriver  firmly  against  the  screwhead;  do  not  hold  the 
blade  at  an  angle  in  the  screwhead.  If  you  do,  you  are  likely 
to  l?reak  the  blade  or  the  screwhead.  Never  use  pliers  or  a 
wrench  on  a  screwdriver  blade.  Apply  force  on  the  handle 
with  your  hand.  Figure  2-3  illustrates  the  right  and  wrong 
uses  of  screwdrivers.  These  illustrations  apply  to  all  typ>es 
of  screwdrivers. 

When  selecting  a  screwdriver  for  a  job,  select  the  type 
and  size  that  will  fit  the  screw.  The  blade  tip  must  have 
sharp  comers  and  fit  the  screw  closely.  If  you  use  a  standard 
screwdriver  that  is  too  small,  you  will  probably  ruin  the  slot 
in  the  head  of  the  screw.  You  may  also  bend  or  break  the 
screwdriver  blade.  See  figure  2-4  for  r.ght  and  wrong  fitted 
standard  screwdrivers.  The  same  holds  true  for 
crosspoints — use  a  screwdriver  that  fits  the  screw. 

When  a  screwdriver  blade  tip  becomes  rounded,  nicked, 
or  broken,  you  can  usually  restore  it  to  the  original  shape 
with  a  grinder  or  file.  The  tips  should  be  ground  or  filed  so 
that  the  sides  are  parallel  to  keep  them  from  slipping  out  of 
the  screw  slot.  It  is  also  good  practice  to  slightly  hollow- 
grind  the  sides  of  the  blade,  as  shown  in  figure  2-5.  This 
puts  the  tip  of  the  blade  at  the  bottom  of  the  screw  slot, 
making  it  easier  to  drive  and  remove  screws  without 
damaging  the  screwhead. 

To  remove  the  nicks  or  sharpen  a  screwdriver,  file  or 
grind  the  tip  until  the  nicks  are  removed  and  the  tip  is 
squared.  Then  shape  the  faces  and  sides  by  grinding  lightly 
on  the  side  of  the  emery  wheel  or  by  filing.  To  keep  from 
overheating  and  destroying  the  temper  of  the  blade,  dip  the 
tip  in  water  between  short  periods  of  grinding.  Do  not 
remove  any  more  material  than  is  necessary. 

The  crosspoint  screwdriver  must  be  treated  in  a  different 
manner.  In  restoring  the  crosspoint  screwdriver  to  its 
original  condition,  apply  a  three -cornered  file  to  remove 
any  burrs  that  exist  on  the  damaged  tips.  Due  to  the  delicacy 
of  its  fine  blades,  the  ^Phillips  screwdriver  has  to  be 
discarded  whenever  the  blades  are  damaged  beyond  the 
filing  point. 

Pliers.  Each  pair  of  pliers  is  designed  for  a  specific  job. 
There  are  cutting,  gripping,  or  holding  types  consisting 
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Figure  2-1 .  Screwdriver  blades. 

mainly  of  a  pair  of  jaws,  a  pivot  point,  and  a  pair  of 
handles.  The  types  used  most  often  by  the  electrician  are 
the  diagonal,  sidecutters.  longnose,  combination  slip-joint, 
and  water  pump  pliers.  These  types  are  illustrated  in  figure 
2-6. 

Types  and  use.  The  sidecutting  pliers  and  diagonals  are 
of  the  cutting  types.  The  diagonals  are  for  close  cutting, 
while  the  sidecutters  are  used  for  much  heavier  cutting  of 
larger  wire  and  small  cables.  In  addition  to  cutting  wire,  the 
sidecutters  are  used  for  holding  wire  while  bending  or 
twisting,  and  are  often  used  to  strip  the  insulation  from 
wires. 

The  combination  slip-joint  and  water  pump  pliers  also 
arc  used  in  electrical  work.  They  are  used  to  grip  flat  or 
round  stock  and  to  bend  small  pieces  of  metal  to  desired 
shapes.  The  water  pump  pliers  are  made  with  extra  long 
handles  for  increased  gripping  power.  Both  types  of  pliers 
are  adjustable  to  several  positions  for  handling  objects  of 
various  sizes.  Longnose  pliers  also  serve  many  useful 
purposes.  They  may  be  used  to  bend  an  eye  or  loop  in  solid 
wire  so  that  it  can  be  placed  under  a  bolthead  or  screwhead. 
In  places  where  you  cannot  get  your  fingers  to  place  or 
tighten  wires,  the  proper  application  of  the  longnose  pliers 
will  be  helpful.  These  pliers  are  actually  extensions  of  your 
fingers  in  many  instances. 

Do  not  use  pliers  as  an  all-purpose  tool.  They  are  not  to 
be  used  "  wrench  for  tightening  nuts  or  bolthead's,  for 
example,  r*  round  the  comers  on  nuts  or  bollheads  so 
that  a  wrench  cannot  get  a  firm  grip.  Do  not  use  pliers  as  a 
prybar  or  as  a  hammer,  because  you  may  bend  or  break  the 
handles.  Do  not  attempt  to  cut  extremely  hard  objects, 
because  such  action  will  nick  or  dull  the  cutting  edges  of  the 
jaws. 

Selection  and  care  of  pliers.  You  must  use  good 
judgment  in  selecting  pliers  for  a  job.  You  must  make  sure 
the  pliers  are  large  enough  for  the  job.  Pliers  are  made  in  a 


wide  range  of  sizes  to  avoid  overstraining  and  breaking  the 
fool.  Not  only  must  you  select  the  proper  si/c  tool,  you 
must  also  select  the  right  tool  for  the  job.  For  example,  you 
would  not  use  diagonal  pliers  to  hold  a  piece  of  round  stock. 
Select  the  right  size  and  type  of  pliers  for  the  job  and  cut  out' 
the  lost  time  used  for  extra  care  of  the  tool. 

The  care  of  pliers  usually  involves  cleaning,  pivot-  point 
maintenance,  and  sharpening  the  cutting  edges.  Pliers 
require  an  occasional  oiling  at  the  pivot  points  or  joint. 
After  pliers  are  used  for  some  time,  the  pivot  point  often 
becomes  loose  and  must  be  tightened.  Some  pliers  have  a 
nut  that  can  be  tightened:  others  have  a  solid  pin  that  must 
be  tightened  by  laying  the  pliers  on  an  anvU  and  striking  the 
pivot  lightly  with  a  hammer.  Cutting  pliers  at  limes  may 
become  pitted  at  the  cutting  edge.  The  proper  use  of  a  fine 
file  over  a  pitied  spot  on  the  cutting  edge  is  sufficient  to 
restore  its  original  condition.  You  can  also  use  the  fine  file 
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STRAIGHT  TIP 


Figure  2-2.  Screwdrivers. 


o .  i  249 


WRONG  RIGHT 

E  F 

Figure  2-3.  Use  of  Screwdrivers. 


to  shaq^en  the  cutting  edge  of  the  diagonals  or  sidecutters,  if 
necessary.  The  knurled  jaws  or  gripping  teeth  of  the  holding 
pliers  require  cleaning  for  better  gripping.  Use  a  steel  brush 
to  clear  out  steel  wastes,  paints,  or  grease  that  has  piled  up 
on  the  teeth  or  knurled  jaws. 

Wrenches,  Some  wrenches  are  used  for  tightening  and 
loosening  bolts  and  nuts;  others  may  be  used,  for  turning 
round  materials,  such  as  conduit  and  pipes.  The  more 
common  wrenches  you  use  in  your  work  are  shown  in  figure 
2-7. 

Types  and  use.  The  pipe  wrench  has  a  knurled  drive 
wheel  to  adjust  the  space  between  the  jaws.  The  movable 
jaw  is  spring  loaded  so  that  it  will  bind  or  lock  when  it  pulls 
on  a  pipe.  If  you  reverse  the  direction  of  pull,  the  jaw 
releases  its  hold.  You  use  a  pipe  wrench  to  assemble 
threaded  conduit  and  coupling.  The  adjustable  open  end 


wrench  has  a  spiral  drive  wheel  to  adjust  the  jaws.  You 
must  adjust  the  wrench  so  that  the  jaws  fit  snugly  on  a  nut 
before  you  apply  pressure  to  turn  it.  If  the  jaws  fit  loosely, 
the  wrench  may  slip  and  damage  the  nut.  As  a  rule, 
adjustable  wrenches  are  suitable  for  heavy-duty  work.  Open 
end  wrenches  fit  standard-sized  nuts.  They  are  lightweight, 
strong,  and  convenient  for  doing  work  in  limited  space. 
Because  the  jaws  are  usually  set  at  15°  or  90"*  angles,  it  is 
easy  to  w  in  close  places  by  turning  the  wrench  over 
after  each  niovement.  The  length  varies  according  to  the 
size  of  the  opening.  Some  open  end  wrenches  are  angular  in 
construction.  Box  end  wrenches  are  preferred  over  the 
open  end  and  adjustable-  jaw  wrenches.  They  arc  safer  to 
use  and  are  less  likely  to  slip  off  a  nut  or  bolthead.  Box  end 
wrenches  may  be  used  only  on  hexagon  nuts  and  boltheads. 
This  wrench  cannot  be  used  to  turn  a  square  nut  or  bolthead. 
The  strap  wrench  is  used  on  brass,  copper,  and  chromium- 
plated  pipes  and  fittings,  because  it  will  not  scratch  or  r»iar 
the  finished  surfaces.  It  has  a  thick  canvas  strap  instead  of  a 
chain  or  jaws  to  grip  the  pipe.  The  chain  wrench  is  also  used 
on  pipes  and  fittings.  It  is  placed  on  the  pipe  by  wrapping 
the  chain  around  the  pipe  and  attaching  it  to  the  wrench  by  a 
slot  arrangement.  The  advantage  of  a  chain  wrench  is  that  it 
will  grip  and  apply  an  even  pressure  all  the  way  around  the 
pipe  or  fitting,  where  a  large  conventional  pipe  wrench 
grips  the  pipe  only  at  two  points.  The  chain  wrench  is  much 
safer  to  use  than  the  conventional  pipe  wrench,  because  it 
wili  not  slip  off  the  pipe. 

When  using  a  wrench  of  any  kind,  always  try  to  pull  on 
it;  it  is  usually  dangerous  to  push  on  it.  Figure  2-8  shows  the 
right  and  wrong  way  to  use  an  open  end  wrench.  When 
using  an  adjustable  wrench,  if  the  pulling  force  is  applied  to 
the  adjustable  jaw,  the  wrench  is  likely  to  slip  or  break. 
Figure  2-9  shows  the  right  and  wrong  procedures  for  using 
adjustable  jaw  wrenches.  Never  use  a  pipe  to  increase 
leverage.  The  handle  is  not  designed  for  this  and  will  bend 
or  break. 


Figure  2-4.  Blade  fit  (thickness). 
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Figure  2-5.  Blade  tip  shape. 
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Figure  2-6.  Pliers. 
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Figure  2-7.  Wrenches, 


352 


WRONG  RIGHT 
Figure  2-8.  Proper  use  of  open  end  wrench. 


Figure  2-10.  Select  correct  wrench  size. 


Selection  and  care.  All  of  the  wrenches  have  special 
advantages.  For  example,  the  open  end  wrench  is  used 
where  space  is  limitc^  or  where  a  straight  wrench  cannot  be 
used.  The  box  end  wrench  is  saler  to  use  and  is  less  likely 
to  slip  off  the  nut.  However,  the  box  end  cannot  be  used  on 
the  standard  square  nuts.  The  adjustable  wrenches  are  used 
only  when  other  wrenches  do  not  fit.  The  pipe  wrench  is 
used  to  assemble  conduit  and  couplings.  In  this  case, 
though,  the  strap  and  chain  wrenches  are  much  safer  to  use 
than  the  conventional  pipe  wrench  because  they  will  not 
slip  off  the  pipe.  A  good  electrician  chooses  the  one  best 
suited  for  the  job  and  also  selects  the  correct  wrench  size,  as 
illustrated  in  figure  2-10. 

All  wrenches  must  be  kept  clean  and  free  of  rust.  Wash 
any  grease  and  dirt  from  wrenches  with  drycleaning 
solvent.  Any  rust  spots  should  be  removed  with  crocus 
cloth  or  steel  wool.  Wipe  down  your  wrenches  periodically 
with  a  clean  cloth  dipped  in  a  light  grade  of  lubricating  oil. 


RIGHT       WRONG        RIGHT  WRONG 

tJ-0l5A 

Figure  2-9.  Proper  use  of  adjustable  jaw  wrenches. 


Lubricate  the  worm  adjustment  on  pipe  wrenches  and 
adjustable  jaw  wrenches  with  few  drops  of  oil.  Never  use 
a  wrench  that  has  battered,  chipped,  or  sprung  jaws. 
Wrenches  that  have  bad  defects  should  be  taken  out  of 
service. 

Hammers.  Hammers  are  made  in  various  sizes,  shapes, 
and  types.  Each  type  is  designed  for  a  specific  type  of  work. 
Some  types  are  used  for  driving  nails;  other  types  are  used 
for  metalforming  or  to  drive  a  chisel  or  punch.  Yet  another 
type  is  designed  for  use  where  a  steel  hammer  might  mar  or 
damage  the  work.  You  will  find  that  you  use  the  claw 
hammer  and  the  ball-peen  hammer  more  than  any  other 
types.  Figure  2-1 1  shows  some  hammers  and  mallets  with 
which  you  should  be  acquainted. 

Types  and  use.  The  claw  hammer  is  used  to  drive  or  puli 
nails  in  wood  construction.  When  driving  nails,  hold  the 
claw  near  the  end  of  the  handle  with  the  face  of  the  striking 
surface  parallel  to  the  work,  as  illustrated  in  figure  2-12.  Do 
not  hold  the  hammer  near  the  neck  or  head.  A  grip  just  tight 
enough  to  control  the  tool  is  best.  Deliver  blows  upon  the 
object  by  raising  the  arm  and  hammer  in  a  smooth  arc  away 
from  the  object  and  then  bring  th^  hammer  down  with  a 
quick,  sharp  motion.  The  ball-peen  hammer  is  used  mainly 
in  mechanical  and  shipwork.  Use  it  with  driving  and  cutting 
tools,  such  as  punches  and  chisels.  The  manner  in  which 
you  use  a  balNpeen  hammer  is  the  same  as  for  the  claw 
hammer.  The  mallet  is  a  hammer  used  mainly  at  a 
workbench  for  tapping  on  more  delicate  equipment.  Mallets 
are  handy  for  disassembling  motors  and  other  electrical 
equipment.  Mallets  come  with  plastic,  hard  rubber,  or 
pressed  leather  heads,  and  are  generally  lightweight. 
Another  hammer  you  sometimes  have  need  for  is  the  sledge 
hammer.  It  has  a  double-faced  head  and  is  used  for  heavy 
work,  such  as  driving  stakes  and  ground  rods.  It  can  also  be 
used  for  breaking  concrete. 
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Selection  and  care.  Since  each  type  of  hammer  is 
designed  for  a  specific  type  of  work,  you  should  select  the 
right  hammer  for  your  work.  For  example,  you  should  not 
use  a  ball-pecn  hammer  or  a  mallet  to  drive  a  nail;  nor 
should  you  use  a  sledge  hammer.  You  sh(  use  a  claw 
hammer.  Likewise,  you  should  not  use  a  w  hammer  to 
drive  a  large  ground  rod;  you  should  use  a  edge  hammer. 
You  should  use  a  mallet  to  assist  in  the  .sassembly  of  a 
motor.  Whichever  hammer  you  use,  make  sure  the  tool  is  in 
good  condition. 

Always  inspect  a  hammer  before  you  use  it.  Never  use 
any  hammer  if  the  head  is  loose  on  the  handle.  Hammer 
handles  that  arc  cracked  or  split  must  be  replaced.  Oo  not 
attempt  to  repair  a  handle  by  wrapping  tape  around  it. 


Figure  2-11.  Mallets  and  hammers. 
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Figure  2*^12.  Nail  driving  (claw  hammer). 


Vises.  There  are  several  types  of  vises  at  the  electrician^s 
disposal.  Figure  2-13  shows  four  of  the  more  commoh 
types — the  machinist's  vise,  the  utility  vise,  the  chain  vise, 
and  the  pipe  vise.  The  machinist's  and  utility  vises  are 
bench  mounted  and  very  similar  in  design.  The  machinist's 
vise  has  flat  jaws  and  a  swivel  base  and  is  suitable  for  most 
ordinary  shopwork.  The  utility  vise  has  removable  soft-jaw 
inserts  and  is  equipped  with  pipe  jaws.  For  this  reason,  the 
utility  vise  is  more  versatile  because  it  will  grip  pipe  or 
round  rods.  When  working  with  a  polished  metal,  use  the 
soft-jaw  inserts.  The  conventional  pipe  vise  is  a  quick- 
release  type  that  can  be  mounted  either  on  a  shop  bench  or 
on  portable  legs  and  carried  to  the  job  site.  As  you  can  see 
in  figure  2-13,  the  chain- type  vise  grips  the  pipe  by  a  chain 
arrangement.  The  pipe  and  chain  vises  are  used  when 
cutting  and  threading  conduit. 

Vises  rcqr'.re  very  little  maintenance  other  than  keeping 
them  clean  and  the  movable  parts  well  oiled.  Do  not  use  the 
jaws  of  a  vise  as  an  anvil.  There  is  a  danger  of  breaking  the 
jaws  or  battering  the  inserts.  Never  use  a  pipe  to  increase 
the  handle  leverage,  because  excessive  pressure  on  the 
handle  may  break  the  handle  or  jaws. 


Exercises  (218): 

I .  Match  the  descriptive  statements  in  column  A  to  the 
correct  tool  in  column  B  by  placing  the  appropriate 
letter  in  the  provided  blank.  Some  letters  may  be  used 
more  than  once. 


Column  A 

Column  B 

(I) 

Has     removable  soft*jaw 

a. 

Screwdrivers. 

inserts  and  pipe  jaws. 

b. 

Longnose 

(2) 

Used  for  forming  wire  loops. 

pliers. 

(3) 

Used     for     driving  and 

c. 

Pipe  wrench. 

removing  screws. 

d. 

Adjustable  jaw 

(4) 

Uses  a  chain  to  grip  its  work. 

wrench. 

(5) 

When    turned  backwards, 

e. 

Claw  hammer. 

releases  its  grip. 

f. 

Box  or  open 

(6) 

Used  for  driving  or  pulling 

end  wrench. 

nails. 

g- 

Sledge 

(7) 

Used  for  turning  nuts  and 

hammer. 

bolts  if  the  right  size  box  or 

h. 

Utility  vise. 

open  end   wrench   is  not 

i. 

Chain  vise. 

available . 

j- 

Sidecutting 

(8) 

Comes  in  standard  sizes  vo  fit 

pliers. 

nuts  and  bolts. 
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CHAIN  VISE 


Figure  2-13.  Vises. 


Column  A  Column  B 

(9)  Used  to  assemble  conduit      k.  Conventional 
and  couplings.  pipe  vise. 

(10)  Used  to  cut  large  wire  and       1.  .Water  pump 
small  cables.  pliers. 

(U)  Can  be  mounted  on  legs  and 
carried  to  the  job  sites. 

(12)  Equipped  with  adjusuole 
jaws  and  extra-long  handles 
for  gripping  round  stock. 

(13)  Used  for  driving  stakes  and 
grouiul  rods. 

(14)  Should  not  be  used  for  a 
chisel  or  punch. 


219.  Identify  functions  and  uses  of  selected  cutting  and 
boring  tools. 


In  many  cases,  you  must  cut  or  drill  openings  in  walls, 
floors,  and  ceilings  for  installation  of  electrical  units.  You 
will  use  cutting  and  boring  tools  to  do  this  job. 

Cutting  Tools.  There  are  several  types  of  cutting  tools 
used  by  the  electrician.  Among  these  tools  are  the 
carpenter*s  saw,  hacksaws,  conduit  cutters,  knockout 
punch,  pocketknife,  and  chisels. 

Carpenter's  saw.  The  carpenter's  handsaw,  illustrated  in 
flgure  2-14,  is  available  in  two  types — the  ripsaw  and  the 
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Figure  2-14.  Saws. 


crosscut  saw.  The  length  of  the  cutting  edge  determines  the 
size  of  the  saw.  These  saws  range  in  size  from  18  to  26 
inches.  The  ripsaw  has  coarse  teeth  and  is  used  for  sawing 
wood  with  the  grain.  The  crosscut  saw  has  fine  teeth  and  is 
used  for  sawing  wood  across  the  grain.  Although  the 
carpenter*s  saw  is  designed  for  sawing  wood,  it  may  also  be 
used  for  sawing  plastic.  The  teeth  are  fixed  so  that  they  cut 
on  the  downward  (away  from  your  body)  stroke  only.  Be 
sure  there  are  no  nails  or  other  edge-destroying  objects  in 
the  way.  If  you  arc  sawing  out  a  strip  of  waste,  do  not  break 
out  the  strip  by  twisting  the  saw  blade.  This  action  dulls  the 
savk  and  can  spring  the  blade.  Hang  up  the  saw  when  it  is 
not  in  use  to  avoid  contact  with  other  tools,  and  keep  the 
saw  coated  with  light  oil  to  prevent  rust. 

Hacksaws.  The  hacksaw,  one  type  of  which  is  shown  in 
figure  2-14,  is  used  for  cutting  metal.  Most  hacksaws  have 
adjustable  frames  that  use  blades  from  8  to  16  inches  in 
length.  Several  varieties  of  hacksaw  blades  are  available. 
They  differ  in  the  hardness  of  the  blade  and  the  number  of 
teeth  per  inch.  A  hard  blade  is  best  for  sawing  brass,  tool 
steel,  or  cast  iron;  a  flexible  blade  is  better  for  cutting 
hollow  shapes  and  metals  of  light  cross  section,  such  as 


Figure  2-lS.  Rigid  conduit  cutter. 


tubing,  tin,  or  copper  conduit.  The  teeth  range  from  14  to 
32  teeth  per  inch.  In  general,  use  a  coarse- toothed  blade  for 
sawing  soft  metal  and  a  fine-toothed  blade  for  sawing  hard 
metals.  Two  or  more  teeth  should  be  in  contact  with  the 
work  to  prevent  stripping  the  teeth. 

After  you  have  selected  the  correct  blade,  insert  it  in  the 
frame  with  the  point  of  the  teeth  pointed  away  from  the  saw 
handle.  Sawing  is  done  by  moving  the  saw  forward  with  a 
light,  steady  stroke.  At  the  end  of  the  stroke,  relieve  the 
pressure  and  draw  the  blade  straight  back.  After  the  first 
few  strokes,  make  each  stroke  as  long  as  possible  without 
striking  the  saw  frame  against  the  work.  Always  keep  the 
saw  in  line  with  the  cut  being  made  and  do  not  bear  down 
on  the  backstroke.  (Doing  so  may  crimp  and  break  the 
blade.)  If  the  blade  breaks,  it  can  cut  your  hand.  Do  not 
push  down  on  a  hacksaw  to  try  to  make  it  cut  faster.  The 
weight  of  the  saw  should  be  sufficient  to  cause  the  blade  to 
bite  into  the  metal.  Keep  the  hacksaw  glean  and  stored 
where  the  blade  is  protected  from  becoming  dull  or  broken. 
Dull  hacksaw  blades  cannot  be  sharpened;  they  must  be 
replaced. 

Rigid  conduit  cutters.  Rigid  conduit  cut.ers,  like  the  one 
shown  in  figure  2- IS,  are  available  in  several  sizes.  The 
size  usually  is  indicated  on  the  frame  of  the  cutter.  A  cutter 
with  a  range  from  1/2  inch  to  2  inches  will  cut  a  pipe  up  to  2 
inches  in  diameter.  Do  not  cut  thin-wall  conduit  with  a  rigid 
conduit  cutter.  To  do  so  flattens  the  ends  of  the  conduit  and 
reduces  the  inside  diameter.  As  for  care,  keep  the  wheel 
pins  and  the  threads  on  the  shaft  of  the  handle  well  oiled. 
When  the  cutter  wheel  becomes  dull,  you  should  replace  it 
with  a  new  wheel.  Keep  the  tool  clean  at  all  times. 

Knockout  punch.  The  knockout  punch  shown  in  figure 
2*16  is  used  for  enlarging  holes  in  metal.  The  tool  will 
handle  metal  thickness  up  to  1/8  inch.  You  will  use  the  tool 
to  punch  holes  in  steel  cabinets,  panels,  and  boxes,  for  the 
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installation  of  conduit.  The  diameter  of  the  holes  cut  by  the 
various  punches  will  allow  various  size  conduit  to  fit  the 
opening.  For  example,  a  punch  that  will  cut  a  hole  1  ^V^i 
inches  in  diameter  is  used  for  a  1-inch  conduit.  Punches  that 
cut  7/8-,  1  %2  1  "/i6-,  1  'Vie-,  2  Vs-,  2  Vs-,  and  SVz-inch 
holes  are  for  1/2-,  3/4-,  1%-,  2-,  2»/2-,  and  S-inch 

conduit  respectively.  The  size  of  the  conduit  to  be 
connected  will  determine  the  size  punch  to  use. 

To  use  the  tool,  you  must  first  have  a  hole  in  the  material 
to  be  punched.  The  hole  must  be  large  enough  to 
accommodate  the  drivebolt  of  the  knockout.  The  hole 
should  be  drilled  with  an  electric  drill  and  twist  bit.  The 
drivebolt  for  the  1/2  inch  conduit  punch  normally  will 
require  a  3/8-inch  hole.  Larger  knockouts  will  require  a 
3/4-inch  hole.  Once  the  hole  for  the  drivebolt  is  drilled,  you 
must  insert  the  drivebolt  through  the  top  part  (die)  of  the 
knockout  and  then  through  the  hole  in  the  box.  The  bottom 
part  (punch)  of  the  knockout  is  then  threaded  onto  the 
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Figure  2-16.  Knockout  punch. 
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Figure  2~I7.  Electrician's  p<Kki  tknifc. 


drivebolt  until  both  parts,  the  die  and  punch,  are  tight 
against  the  box,  as  shown  in  figure  2- 16. A.  Now,  use  a 
wrench  and  turn  the  drive  bolt  to  puncn  the  hole,  as  shown 
in  figure  2-l6,B,  Turn  the  bolt  until  you  feci  or  hear  two 
distinct  snaps  of  the  metal .  This  lets  you  know  that  the  hole 
has  been  punched  and  the  slug  is  free  from  the  box.  Do  not 
tighten  the  drivebolt  after  the  slug  is  free  because  you  may 
damage  the  cutting  edge  of  the  punch.  Now,  remove  the 
tool  from  the  work  and  remove  the  slug  from  the  die  part  of 
the  tooi.  You  may  need  a  punch  and  hammer  to  tap  the  slug 
from  the  die. 

The  tool  can  be  sharpened  when  it  becomes  dull. 
However,  this  action  is  an  emergency  measure.  Your 
concern  with  the  care  of  the  'xnockout  punch,  then,  is 
limited  to  keeping  the  tool  clean  and  well  oiled. 

Pocketkriife.  The  electrician's  pocketknife  (fig.  2-17) 
serves  many  purpose!,.  It  consists  of  a  regular  cutting  blade 
and  a  screwdriver-type  blade.  The  cutting  blade  may  be 
used  to  strip  insulation  from  wires  and  to  scrape  the  thin 
coat  of  varnish  insulation  from  a  copper  conductor  when 
making  splices  or  connections.  Tne  screwdriver-type  blade 
may  be  used  to  turn  screws.  When  the  knife  is  not  in  use, 
fold  and  place  it  in  your  toolbox.  Knives  should  not  be  used 
as  prybars,  and  the  blades  should  be  kept  sharp  and  free  of 
nicks. 

Cold  chisels.  Cold  chisels  are  used  to  cui  or  chip  metal. 
The  flat  chisel,  like  the  one  shown  in  figure  2-18,  is  used  by 
the  electrician  to  shear  nuts  or  boltheads  that  are  frozen  to 
where  a  wrench  cannot  remove  them.  This  flat  chisel  is  also 
used  to  cut  sheet  metal.  Keep  the  cutting  edge  sharp  and 
ground  to  the  original  angle.  The  hardness  or  softness  of  the 
metal  to  be  cut  determines  the  cutting  angle  required.  A 
cutting  edge  angle  of  60°  to  70°  is  fine  for  most  light  metals. 
An  angle  of  90°  is  recommended  for  hard  and  tough  metal. 
The  chisel  must  be  kept  sharp  and  the  edge  slightly 
rounded,  as  shown  in  figure  2-18. 

To  use  the  chisel,  place  the  cutting  edge  on  the  mark 
where  the  cut  is  desired  and  at  whatever  angle  will  cause  it 
to  follow  the  desired  finished  surface.  Strike  the  chisel  head 
squarely  with  a  hammer.  Start  with  a  few  light  blows  to  get 
the  cutting  started,  then  let  the  hammer  fall  with  more 
force.  After  each  blow,  lift  the  chisel,  check  the  cut,  and  set 
the  chisel  back  in  the  cut  for  the  next  cut.  Make  sure  the 
hammer  does  not  slip  off  the  end  of  the  chisel  and  injure 
your  hand.  When  the  cutting  edge  of  a  chisel  becomes  dull. 
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Figure  2-18.  Cold  chisel. 


sharpen  it  with  a  bench  grinder.  To  grind  a  chisel,  set  the 
rest  on  the  grinder  to  secure  the  desired  bevel  angle.  Move 
the  chisel  head  from  side  to  side  a  little  during  the  grinding 
of>eration  to  slightly  curve  the  cutting  edge.  Turn  the  chisel 
over  and  grind  the  hammered  end  to  its  original  shape.  It  is 
dangerous  to  use  a  chisel  with  a  mushroomed  head,  because 
steel  pieces  can  fly  off  the  chisel  and  cause  injury.  An 
example  of  a  mushroomed  chisel  head  and  also  a  properly 
dressed  head  are  shown  in  figure  2*19.  When  the  chisel  is 
not  in  use,  it  should  be  stored  in  a  wooden  box.  Scour  off 
any  rust  with  light  lubricating  oil. 

Wood  chisels.  The  wood  chisel  is  used  to  cut  holes  and 
grooves  in  lumber  and  other  soft  building  materials.  The 
chisel  is  a  flat  piece  of  steel  with  one  end  ground  to  an  acute 
bevel  to  form  a  cutting  edge,  as  shown  in  figure  2-20. 
Some  of  the  chisels  are  driven  by  hand  pressure;  others  are 
driven  with  a  mallet.  Never  use  a  hammer  or  metal  tool  to 
drive  the  chisel.  Drive  wood  chisels  outward,  away  from 
the  body,  with  a  rubber  or  rawhide  mallet.  Do  not  use  a 
wood  chisel  as  a  pry  or  wedge.  The  steel  is  hard  and  brittle, 
and  may  snap.  Never  place  chisels  on  a  workbench  or  on  a 
shelf  so  they  can  roll  off  and  drop  on  the  floor,  because  they 
can  be  kicked  or  dropped  on  a  worker's  foot,  causing  severe 
injury.  Keep  chisels  on  a  rack  so  the  sharp  edges  will  be 
protected. 


TrA-020 

Figure  2-19.  Properly  dressed  and  mushroomed  chisel  heads. 
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Figure  2-20.  Wood  chisel. 


Wood  chisels  must  be  kept  sharp  to  prevent  injury  to  the 
user.  Use  an  emery  wheel  to  sharpen  a  wood  chisel  and  then 
hone  it  on  an  oilstone.  Secure  the  oilstone  to  a  bench.  Do 
not  hold  it  in  your  hand  because  the  sharp  edge  slipping  off 
the  face  of  the  stone  can  cause  a  severe  hand  or  wrist  injury. 
Handles  for  wood  chisels  arc  made  of  wood  or  plastic. 

Boring  Tools.  During  the  installation  of  electrical  units, 
the  electrician  will  need  to  bore  holes  in  various  materials. 
This  is  a  simple  job  that  involves  the  use  of  common  hand 
drills,  twist  bits,  auger  bits,  and  star  bits. 

Common  hand  drills.  The  most  common  hand  drills  you 
win  use  are  the  ratchet  brace  and  the  hand  and  breast  drills. 
Check  the  types  of  drills  in  figure  2-21.  The  ratchet  brace 
consists  of  a  knob,  crank,  and  chuck  for  holding  the  bit. 
The  chuck  usually  has  a  ratchet  that  allows  the  handle  to 
turn  in  either  direction  to  turn  the  chuck.  This  permits  the 
boring  of  holes  in  places  where  a  full  revolution  of  the  crank 
cannot  be  made.  The  chuck  is  built  to  hold  only  auger  bits 
that  have  a  square  tang  and  is  used  for  drilling  holes  in 
wood.  Both  the  hand  drill  and  the  breast  drill  use  a  wheel 
with  a  handle  to  drive  the  bit.  The  chuck  on  these  two  drills 
holds  a  straight-shank  bit,  called  a  twist  bit. 

To  drill  with  the  brace,  place  the  bit  on  the  woik  and  turn 
the  handle  clockwise,  using  a  light,  but  firm,  pressure  on 
the  head  of  the  brace.  Heavy  pressure  can  cause  the  bit  to 
break  from  overheating  or  cause  the  hole  to  be  drilled 
oversize.  The  bit  should  be  perpendicular  to  the  work  at  all 
times.  When  using  the  hand  or  breast  drill,  the  procedures 
are  generally  the  same  as  when  using  a  brace.  Hold  the 
hand  drill  with  one  hand  on  the  handle  and  operate  it  by 
turning  the  crank  with  the  other  as  illustrated  in  figure  2-22. 
The  pressure  is  applied  with  the  hand.  To  apply  pressure  to 
the  breast  drill,  the  operator  pushes  against  the  end  of  the 
tool  with  his  or  her  body.  Keep  the  drills  clean  and  the 
m6ving  parts  well  oiled. 

Auger  bits.  Auger  bits  are  screw-shaped  tools  with  six 
parts  and  are  used  only  for  drilling  holes  in  wood.  Figure  2- 
23  illustrates  the  six  parts  of  the  bit.  When  you  turn  the 
brace,  the  spurs  score  a  circle  and  the  two  cutting  edges 
shave  the  wood  from  within  the  scored  circle.  The  screw 
centers  the  bit  and  draws  it  into  the  wood.  The  twist  carries 
the  cuttings  away  from  the  cutters  and  deposits  them  in  a 
mound  around  the  hole. 

Twst  bits.  Both  the  electric  and  the  manually  operated 
hand  drill  and  the  breast  drill  require  twist  bits.  Most  twist 
bits  have  a  round  shank  that  fits  the  jaws  of  the  drills.  Some 
twist  bits  are  made  with  a  tang  to  be  used  in  a  brace.  3oth 
types  are  shown  in  figure  2-24.  The  size  is  marked  on  the 
shank  or  tang  and  usually  is  given  in  fractions  of  an  inch. 
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Figure  2-22.  Drilling  with  a  hand  drill. 


These  bits  are  used  to  drill  holes  in  wood  or  metal.  You 
must  apply  pressure  to  get  the  hole  started.  Always  slack 
off  on  the  pressure  as  the  drill  is  about  to  break  through. 
This  action  often  prevents  skinned  knuckles  and  helps  to 
prevent  the  drill  from  breaking. 

Star  bits.  A  star  bit  (fig.  2-25)  is  used  to  drill  holes  in 
concrete  or  brick  walls  and  floors  for  mounting  electrical 
controls  or  for  passage  of  conduit  or  cable.  Driven  by  the 
impact  of  a  ball-peen  hammer,  the  star  bit  is  twisted  left  and 
right  in  the  hole  as  each  blow  is  struck.  In  hard  stone,  it  is 
advisable  to  keep  the  hole  wet  to  keep  the  dust  down  and 
help  clear  out  the  drilled  material.  The  size  of  the  bit  used 
determines  the  size  of  the  hole  being  drilled.  The  smaller 
sized  tools  usually  are  driven  by  one  person.  The  larger 
tools  require  two  people.  The  most  common  sizes  used  by 
the  electrician  are  the  1/4-  and  I /2-inch  star  bits.  The  star 
bit,  as  with  other  types  of  bits,  requires  cleaning  after  each 
job  and  being  kept  rust-free  and  well  oiled. 


Exercises  (219): 

1 .  Match  the  descriptive  statements  in  column  A  to  the 
proper  cutting  tools  in  column  B  by  placing  the  correct 
letter  in  the  provided  blank.  Some  letters  may  be  used 
more  than  once. 


TANG 


SHANK 


CUTTER 


TWIST 


SCREW  SPUR 
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Column  A 

 (1)  Used  to  cui  conduit,  tubing. 

or  flat  metal. 
 (2)  Used  to  cut  rigid  conduit 

only. 

 (3)  Used  to  cut  wood  across  the 

grain. 

-       (4)  Used  to  cut  grooves  in  wood. 

 (5)  Used  to  enlarge  holes  in 

metal. 

 (6)  Used  to  cut  and  chip  metal. 

 (7)  May    be    used    to  strip 

insulation  from  wires. 
fR^  Driven  by  hand  pressure  or 
with  a  mallet. 

 (9)  Do  not  break  out  strip  by 

twisting  the  tool. 

 (10)  Using  the  tool  on  thin-wall 

conduit  flattens  the  end. 

 (1 1)  A  wrench  is  used  to  turn  the 

bolt  until  a  hole  is  made. 

 (12)  A  dull  blade  for  this  tool 

cannot  be  sharpened. 

 (13)  Requires  a  hole  be  drilled  or 

punched  before  it  can  be 
used. 

 (14)  On  this  tool,  a  cutting  blade 

angle  of  60°  to  70**  is  fine  for 

most  light  metals. 
 (IS)  These  tools  range  in  size 

from  8  to  16  inches. 
 (16)  When  using  this  tool,  two  or 

more  teeth  should  always  be 

in  contact  with  the  work. 
 (17)  The  cutting  wheels  must  be 

replaced  when  dull. 
 (18)  A  hammer  and  punch  may  be 

used  to  remove  the  slug  from 

the  die  of  this  tool. 
 (19)  A  cutting  blade  angle  of  90* 

is  recommended  for  cutting 

hard  and  tough  noetal. 
 (20)  Never  use  a  metal  hammer  to 

drive  this  tool. 
 (21)  Should  be  sharpened  on  an 

emery  wheel  and  then  honed 

on  an  oil  stone. 
 (22)  Has  a  blade  that  can  be  used 

as  a  screwdriver. 
 (23)  Cuts  a  1  1 1/32-inch  hole  for 

1-inch  conduit. 
 (24)  A  coarse-toothed  blade  is 

used  to  cut  soft  metal. 


Column  B 

Carpenter's  saw. 

Hacksaws. 

Rigid  conduit  cutter. 

Knockout  punch. 

Pocketknife. 

Cold  chisel. 

Wood  chisel. 


Figure  2-23.  Auger  bit  parts. 
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Figure  2-25.  Star  Nt. 


2.  Match  the  descriptive  statements  in  column  A*to  the 
proper  boring  tool  in  column  B  by  placing  the  correct 
letter  in  the  provided  blank. 

Column  A  Column  B 

 (I)  Used    to  'drill    holes    in        a.  Ratchet  brace. 

concrete  or  brick.walls.  b.  Hand  drill. 
 (2)  Used  for  drilling  holes  in       c.  Breast  drill. 

wood  only.  d.  Auger  bit. 

 (3)  Usually  has  a  round  shank.  e.  Twist  bit. 

 (4)  Uses  bits  with  a  square  tang.         f.  star  bit. 

 (5)  Uses  a  twist  bit  and  requires 

only  hand  pressure. 
 (6)  Uses  a  twist  bit  and  allows 

pressure  to  be  applied  with 

the  body. 

2-2.  Special  Tools 

In  addition  to  the  common  handtools  just  covered,  there 
are  several  special  tools  used  by  the  electrician  to  do  special 
tasks.  You  must  know  how  to  select  and  use  these  tools  to 
make  your  job  easier.  They  include  fish  tapes,  rules  and 
tapes,  wire  gages,  fuse  pullers,  wire  strippers,  and  reaming 
too' 3. 


Figure  2-26.  Fish  tape. 
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CLOTH  OR  METAL  TAPE 
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Figure  2-27.  Measuring  tools. 


220.  Name  the  tools  needed  to  perform  given  tasks  and 
state  how  they  are  used. 


Fish  Tapes.  Fish  tapes  are  made  of  tempered  steel. 
Most  of  them  are  flat  and  are  rolled  up  in  a  metal  or  plastic 
frame  for  ease  in  handling  and  storage.  See  figure  2-26  for 
an  illustration  of  flat-type  fish  tape.  Tapes  come  in  various 
widths  and  in  coils  of  25,  50,  75,  100,  and  200  feet.  A  fish 
tape  is  used  to  pull  wire  through  conduit  or  other  raceways. 
The  fish  tape  is  stiff  enough  not  to  bend  in  normal  use  but 
can  be  pushed  or  pulled  easily  through  conduit  bends.  For 
large  conductors,  the  tape  is  used  to  pull  a  winch  line  or 
rope  through  the  conduit  first.  You  then  use  the  winch  line 
or  rope  to  pull  the  conductors  through  the  length  of  conduit. 

Rules  and  Tapes.  Rules  and  tapes  are  measurng  tools 
used  by  an  electrician.  The  6-foot  folding  rules  and  the 
cloth  tape  (fig.  2-27)  are  the  most  common  types.  The 
folding  rule  is  used  for  measurements  of  6  feet  or  less  when 
doing  layout  work  or  roughing  in  boxes.  It  is  very  handy 
because  its  hinged  sections  can  be  folded  and  placed  in  your 
pocket  or  tool  pouch.  To  use  the  rule,  hold  it  in  one  hand 
and  with  the  other  hand  unfold  only  the  sections  needed  to 
take  the  desired  measurement.  The  rule  shown  in  figure  2- 
27  also  has  a  slide  in  the  end  of  one  section  that  can  be  used 
for  taking  inside  measurements.  The  cloth  tape  is  used  to 
make  long  measurements,  10  feet  or  more,  and  is  made  of 
cloth  or  linen.  The  tape  is  used  by  placing  the  metal  ring  at 
the  end  of  the  tape  over  a  nail  at  the  start  of  the 
measurement  and  walking  in  the  direction  to  be  measured, 
pulling  the  tapt  out  of  the  case.  After  the  measurement  is 
taken,  the  tape  is  rewound  with  the  pop-out  handle  on  the 
side  of  the  case. 

Usually  the  graduations  on  the  rule  or  tape  are  in 
fractions  of  an  inch.  A  small  number  printed  on  the  rule 
near  the  end  tells  us  the  fractions  of  an  inch  used  on  the 
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Figure  2-28.  Wire  gage. 


rule.  Thus,  the  number  8  would  indicate  that  the  markings 
are  1/8  inch  apart;  the  number  16  means  1/16  inch;  and  32 
and  64  indicate  that  1/32-  or  1/64-inch  graduations  are  used. 

The  folding  rule  must  be  unfolded  carefully  to  prevent 
breaking  off  sections  near  their  joints.  Keep  the  rule  clean 
to  prevent  the  joints  from  becoming  stiff.  If  the  joints 
become  hard  to  operate,  lubricate  them  with  a  small  drop  of 
light  oil  or  graphite  to  make  the  sections  easier  to  unfold. 
Remove  any  excess  oil  with  a  cloth.  Keep  the  rule  folded 
when  not  in  use.  Cloth  tapes  must  be  kept  clean  and  dry. 
Dirt  may  damage  the  winding  mechanism.  If  the  tape  gets 
wet,  unroll  it  and  allow  it  to  6r\\ 

Wire  Gage.  A  wire  gage  is  a  tool  used  to  measure  the 
diameter  of  wires.  When  you  read  in  the  code  that 
replacement  wires  must  be  of  a  certain  size,  you  can  check 
them  with  a  wire  gage.  The  gage,  shown  in  figure  2-28,  is 
simply  a  round,  flat  metal  disc  with  holes  and  slots  around 
iij  circumference.  To  use  it,  slide  the  slots  over  the  wire 
uniil  you  find  the  slot  that  fits  the  wire.  The  size  is  etched 
on  the  disc  next  to  the  slot.  The  gage  shown  in  figure  2-28  is 
called  the  American  standard  wire  gage  (AWG)  and  is  the 
standard  gage  for  electrical  wire  used  in  the  United  States. 

Fuse  Puller.  The  fuse  puller,  shown  in  figure  2-29,  is 
constructed  for  pulling  and  replacing  both  large  and  small 
cartridge  fuses.  It  is  made  of  laminated  fiber  with  good 
insulating  qualities.  Fuse  pullers  come  in  sizes  from  5  to  20 
inches  long.  Large  pullers  contain  more  laminations  and 
have  a  larger  slot  in  the  jaws  to  use  on  bigger  fuses.  You 


Figure  2-29.  Fuse  puller. 
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Figure  2--30.  Wire  stripper. 


must  always  use  a  fuse  puller  to  pull  and  replace  cartridge 
fuses  to  eliminate  the  danger  of  electric  shock.  The  puller 
may  be  used  also  to  adjust  loose  fuse  clips. 

Wire  Stripper.  The  wire  stripper,  shown  in  figure  2-30, 
is  used  to  strip  the  insulation  from  small-size  wires  before 
making  splices  or  attaching  the  conductor  to  a  terminal 
screw.  The  stripper  can  be  used  for  stripping  insulation 
from  various  sizes  of  wire  up  to  No.  12  AWG.  When  using 
the  stripper,  insure  that  the  wire  size  is  not  larger  than  the 
stripper  slots  because  this  would  cause  damage  to  the  wire. 
If  the  wire  is  stranded «  several  of  the  strands  will  be  cut.  If 
the  wire  is  a  single  straiid,  it  will  be  nicked  and  weakened  to 
the  point  where  it  will  break  when  twisted  even  slightly. 
The  wire  stripper  should  be  kept  clean,  and  light  oil  may  be 
used  on  the  moving  parts. 

Reamer.  After  conduit  has  been  cut  to  length,  the  cut 
end  must  have  the  sharp  edges  removed  from  the  inside  to 
prevent  damage  to  the  wire  insulation.  This  procedure  is 
called  reaming.  Rigid  conduit  normally  is  reamed  with  a 
tool  similar  to  the  drawing  in  figure  2-31.  Notice  the  square 
tang  on  the  shank.  It  normally  is  used  with  the  ratchet  brace 
described  previously.  The  reaming  is  complete  when  the 
sharp  edges  and  metal  burrs  have  been  removed.  Do  not 
store  the  reamer  in  a  position  that  may  cause  the  cutting 
edges  to  become  dull.  If  the  reamer  is  equipped  with  a 
ratchet,  it  should  be  kept  clean  and  well  oiled. 


Exercises  (220): 

1.  What  special  tool  should  you  use  for  pulling 
conductor,  (wires)  through  conduit,  and  how  is  it  used 
if  the  conductors  are  very  large? 


FtKure  2-31 .  Reamer. 
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7.  When  using  the  wire  stripper,  what  precaution  should 
you  observe  and  why? 


Figiire  2-32.  Torch  and  soldering  copper. 


2.  Which  measurement  tool  is  used  by  the  electrician  for 
layout  or  roughing  in  boxes? 


3.  How  can  the  folding  rule  be  used  for  taking  inside 
measurements? 


4.  What  is  the  purpose  of  the  wire  gage'] 


5.  Why  should  a  fuse  puller  be  used  in  place  of  something 
else  when  replacing  fuses? 


6.  What  tool  is  used  to  remove  the  sharp  edges  from  the 
inside  of  conduit  after  it  has  been  cut  to  length? 


2''3.  Soldering  Equipment  and  Soldering 

According  to  the  National  Electrical  Code,  a  splice  must 
be  joined  with  suitable  devices  or  by  soldering,  Most  of  the 
time  you  will  be  able  to  use  the  devices  made  available, 
such  as  wire  nuts,  twist  locks,  etc.  However,  there  will  be 
times  when  you  will  need  to  solder  splices  or  connections  to 
complete  your  work. 

22L  Identify  characteristics  of  difTcrent  types  of 
soldering  equipment;  and  cite  the  Tunction  of  the  heat 
sink. 


Soldering  Equipment.  Soldering  devices  are  divided 
into  two  types:  nonelectric  and  electric.  The  nonelectric 
device  is  used  when  there  is  no  power  source  close  to  the 
worksite.  Two  nonelectric  devices  are  the  torch  and  the 
soldering  copper  (commonly  called  a  soldering  iron), 
shown  in  figure  2-32.  The  torch  normally  is  fueled  by  a 
propane  bottle  that  can  be  changed  when  it  is  empty.  It  can 
be  used  for  direct  soldering  of  large  splices,  or  it  can  be 
used  to  heat  the  iron  to  the  desired  temperature  when 
soldering  smaller  splices.  The  electric  gun  and  electric  irons 
shown  in  figure  2-33  can  be  used  for  soldering  when  there  is 
a  pwwer  source  close  to  the  worksite.  All  electric  soldering 
irons  and  guns  are  rated  in  watts.  Those  with  high  wattage 
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Figure  2-33.  Electric  soldering  gun  and  irons. 
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ratings  produce  more  heal.  Sine-  rgc  splices  require  more 
heat  for  soldering,  a  high  wattage  gun  or  iron  will  be 
needed.  Higher  wattage  devices  may  be  used  for  smaller 
splices,  but  care  must  be  taken  to  avoid  melting  the 
insulation.  In  some  cases  a  heat  sink  may  be  needed  to 
prevent  damage  to  circuit  components.  The  heat  sink 
absorbs  heat  that  might  otherwise  be  absorbed  by  the 
component  causing  it  to  burn.  An  example  of  a  heat  sink 
that  may  be  used  while  soldering  is  a  pair  of  locking  pliers 
or  a  spring  clamp  attached  to  the  work  being  soldered.  The 
electrical  irons  and  guns  have  cords  of  varying  lengths  and 
nearly  all  operate  on  1 20  volts  AC. 


Exercises  (221): 

I .   Name  the  two  types  of  soldering  devices. 


2.  What  fuel  is  used  for  the  torch? 


3.   What  is  another  name  for  the  soldering  iron? 


Soldering  jobs  in  electrical  work  are  of  three  main  types: 
(1)  soldering  two  or  more  wires  together,  (2)  soldering 
wires  to  lugs  or  terminals,  and  (3)  soldering  wires  to  metal 
surfaces.  No  matter  which  type  job  you  are  doing,  there  are 
certain  steps  you  must  take  to  have  a  good  soldered  splice  or 
connection. 

First,  the  soldering  iron  or  gun  must  be  tinned.  To  tin  the 
end  of  the  iron  or  gun,  you  must  first  heat  it  and  clean  it 
with  flux;  then  put  a  thin  coat  of  solder  on  it.  If  you  have  an 
iron  that  is  burned  and  pitted,  it  may  need  to  be  filed  or 
brushed  before  it  is  tinned.  Next,  the  splice  or  connection 
should  be  twisted  or  held  firmly  together.  Then  prepare  the 
joint  for  soldering  by  applying  flux.  When  the  metal  is 
heated  the  flux  will  boiK  clear^ing  the  joint  in  the  process.  If 
rosin-core  solder  is  used,  cleaning  will  take  place  as  you 
apply  the  solder. 

Now,  hold  the  gun  or  iron  under  the  joint,  if  possible,  and 
heat  it  until  the  joint,  not  the  iron  or  gun,  will  melt  the 
solder.  Apply  heat  until  the  solder  runs  freely  around  the 
wires  of  metal  being  joined.  A  good  soldering  job  is  one  in 
Nvhich  a  thin  coat  of  solder  has  fiowed  on  all  surfaces  to  be 
joined.  When  the  solder  cools,  after  you  have  removed  the 
heat,  it  should  be  a  dull  silver  color.  If  it  is  a  dull  white, 
you  have  what  is  known  as  cold  solder  joint  and  you  must 
reheat  it.  Cold  solder  joints  are  caused  by  not  using  enough 
heat.  If  a  cold  solder  joint  is  made,  it  is  a  waste  of  time  and 
material  to  add  solder  just  to  make  it  look  better. 


4.   How  are  electric  soldering  devices  rated? 


5.   What  is  the  purpose  of  a  heat  sink". 


Exercises  (222): 

I .   What  materials  are  contained  in  the  solder  used  for 
electrical  work? 


What  do  the  numbers  60/40  mean  as  applied  to  solder? 


222.  Identify  materials  used  in  soldering,  and  specify  the 
proper  procedures  for  using  soldering  equipment. 


Soldering.  Soldering  is  the  process  of  joining  metals  by 
adding  another  metal  to  bond  them  together.  Electrical 
work  requires  solder  made  with  lead  and  tin  in  near-equal 
amounts.  Common  types  of  solder  used  are  60/40  and 
50/50.  The  first  number  represents  the  amount  of  lead  and 
the  second  number  the  amount  of  tin  in  the  solder.  To  make 
a  good  bond,  the  metal  to  be  joined  must  be  clean,  and  you 
must  have  enough  heat  to  melt  the  solder.  Heat  is  supplied 
to  the  joint  to  be  soldered  by  one  of  the  devices  discussed 
previously.  To  clean  the  joint,  a  cleaning  agent  or  Hux 
(made  of  rosin)  that  removes  oxides  from  the  surfaces  to  be 
joined  is  used.  Flux  may  be  applied  in  the  form  of  a  paste, 
or  it  may  be  included  as  the  core  of  the  solder.  If  the  flux  is 
in  the  solder^  it  is  called  rosin-core  solder.  Flux  used  for 
soldering  sheet  metal  is  made  with  an  acid  base.  Acid-base 
flux  should  never  be  used  for  electrical  work  because  it  will 
cause  corrosion. 


3.   What  type  of  fiux  is  used  for  cleaning  joints  in  electric 
soldering? 


4.   What  is  the  first  step  in  preparing  a  soldering  gun  or 
iron  for  soldering? 


5.  After  the  splice  or  joint  is  twisted  or  held  firmly 
together,  what  is  the  next  step  required  to  assure  a 
good  soldering  job? 


6.   If  possible,   heat  should  be  applied  from  which 
direction? 
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Figure  2-34.  Portable  electric  drill. 


7.  How  do  you  prevent  cold  solder  joints? 


2-4.  Portable  Power  Tools 

Portable  power  tools  are  used  to  make  jobs  easier.  You 
can  drill  holes  in  wood  with  a  brace  and  bit.  but  you  can 
drill  the  holes  much  faster  and  easier  with  an  electric  hand 
drill.  For  these  reasons,  you  should  use  the  power  tools  that 
are  available  to  you  whenever  possible.  In  this  section,  we 
will  cover  three  of  the  most  common  portable  power  tools 
used  in  the  electric  shop,  the  electric  hand  drill,  rotary 
hammer,  and  saber  saw. 

223.  Identify  characteristics  of  portable  power  tools, 
and  cite  procedures  for  their  use. 


Electric  Hand  Drill.  The  most-used  portable  tool  that 
you  will  And  in  the  electrical  shop  is  the  electric  hand  drill. 
With  it  you  can  drill  holes  in  almost  anything  to  be  found  in 
and  around  the  facilities.  The  drills  are  available  in  various 
sizes,  the  size  being  determined  by  the  largest  size  drill 
shank  that  the  chuck  will  take.  For  example,  a  l/4-inch  drill 
will  take  all  twist  bit  shanks  up  to  and  including  1/4-inch 
sizes;  3/8-inch  size,  3/8-inch  bit;  1/2-inch  size,  1/2-inch  bit; 
etc.  The  drills  are  equipped  either  with  a  pistol  grip  or 
closed  handle  (spade  grip).  The'bits  are  secured  in  a  key- 
type  gear  chuck  that  automatically  centers  the  drill  shank. 
An  example  of  a  typical  electric  hand  drill  is  shown  in 
figure  2-34. 

When  drilling  holes  with  the  electric  drill,  you  must  be 
sure  that  the  bit  you  are  using  is  suitable  for  the  material  to 
be  drilled.  In  another  part  of  this  chapter,  you  learned  that 
the  twist  bit  could  be  used  to  drill  wood  or  metal.  Other  bits 
that  can  be  used  with  the  electric  hand  drill  are  the  spade  bit 
and  the  masonry  bit,  shown  in  figure  2-3S. 


The  spade  bit,  sometimes  called  a  speed  bit,  is  used  only 
for  drilling  wood  and  is  available  in  sizes  up  to  1  Vi  inches 
with  a  1/4-inch  shank.  Note  that  the  spade  bit  does  not  have 
a  screw  tip  like  the  auger  bit;  therefore,  pressure  must  be 
applied  for  starting  and  drilling.  The  point  is  primarily  for 
centering  the  bit  when  you  start  to  drill.  As  the  hole  is 
bored,  you  must  reduce  the  pressure  on  the  drill  just  before 
it  goes  through  the  wood.  If  you  don't,  the  bit  will  splinter 
the  wood  and  leave  a  ragged  hole. 

The  masonry  bit  is  used  with  the  electric  hand  drill  for 
drilling  holes  in  concrete,  cinder  block,  or  brick.  Often  you 
need  to  anchor  a  box  or  conduit  to  this  type  of  material.  To 
do  this,  it  is  necessary  to  drill  a  hole  to  accommodate  a  lead 
anchor  or  toggle  bolt.  These  bits  come  in  various  sizes  with 
shanks  of  different  sizes. 

An  important  thing  to  remember  when  using  a  masonry 
bit  or  a  twist  bit  with  the  electric  hand  drill  is  DO  NOT 
overload  the  drill  motor.  The  best  way  to  do  this  is  to  avoid 
using  oversized  bits.  As  an  example,  if  you  are  drilling 
metal  with  a  1/2-inch  electric  hand  drill,  do  not  use  a  bit 
that  is  larger  than  1/2  inch. 

When  drilling  metal  with  a  twist  bit,  center  punch  the 
spot  to  be  drilled  and  drill  the  hole.  Experience  will  teach 
you  just  how  hard  to  push  to  get  the  bit  to  cut  a  proper  sized 
chip  and  yet  not  overload  the  motor.  Watch  closely  when  it 
seems  that  the  bit  is  on  the  point  of  breaking  through,  then 
slacken  the  pressure  so  that  the  bit  comes  through  easily. 
This  will  keep  it  from  wedging  in  the  uncut  material  and 
sticking,  which  is  apt  to  break  your  grip  and  injure  your 
hand  or  cause  injury  to  someone  else.  Occasionally,  when 
drilling  wood,  a  nail  is  hit  while  drilling  a  hole.  Here  again, 
the  drill  will  try  to  twist  out  of  your  hand.  For  these 
reasons,  be  sure  that  you  are  standing  well  braced  when 
usinjs  the  drill. 


Masonry  Bit 


T0-t4 

Figure  2-35.  Spade  and  masonry  bits. 
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Figure  2-36,  Saber  s?^w. 


Exercises  (229): 

From  the  following  statement  pertaining  to  the  selection 
and  use  of  power  tools,  select  those  that  are  true  by  placing 
a  T  in  the  blank  provided  or  an  F  for  false  statements. 
Correct  false  statennents. 

 1 .    The  size  of  an  electric  hand  drill  is  determined 

by  the  size  drill  shank  its  chuck  will  take. 


Bits  are  secured  in  an  electric  drill  by  a  ratchet- 
type  gear  chuck. 


The  ventilation  holes  on  the  drills  should  be  kept  free  of 
dust  or  lint  to  prevent  overheating  of  the  motor.  Continued 
stalling  and  overheating  wiU  damage  the  motor  to  a  point 
where  it  will  become  useless.  Therefore,  do  not  overload 
the  motor,  and  keep  the  chuck  clear  and  well  oiled. 

Rotary  Hammer.  This  portable  power  tool  normally  is 
reserved  for  heavy  construction  in  concrete  or  brick.  It  is 
designed  to  drill  and  hammer  the  bit  simultaneously 
through  the  strongest  reinforced  concrete.  The  outer  shape 
of  the  hammer  is  almost  the  same  as  an  electric  drill,  but  the 
hammer  is  of  heavier  construction.  They  are  made  for 
drilling  holes  up  to  3  inches  in  diameter  using  core  bits 
(hollow  center). 

When  using  the  rotary  hammer,  use  the  same  precautions 
as  the  electric  hand  drill,  plus,  wear  eye  protection  and  a 
mask  to  protect  your  nose  and  throat  from  dust. 

Saber  Saw.  Another  common  portable  power  tool  used 
in  the  electric  shop  is  the  saber  saw,  shown  in  figure  2-36. 
Several  types  of  blades  are  made  for  the  saw  to  cut  different 
types  of  material .  They  can  be  changed  by  loosening  the  set 
screw  that  holds  the  blade  in  place.  The  saber  saw  is  used 
by  the  electrician  to  cut  openings  in  finished  walls  so  that 
outlet  boxes  or  panel  boards  can  be  flush  mounted.  It  can 
also  be  used  to  cut  notches  in  studs  to  make  runs  of  cable 
and  to  cut  conduit  if  a  metal-cutting  blade  is  used. 

To  use  the  saw  for  cutting  openings  in  finished  walls,  a 
pilot  hole  first  must  be  drilled  in  the  wall.  This  hole  should 
be  inside  of  the  area  that  is  to  be  cut  out.  The  blade  of  the 
saw  is  then  put  into  the  hole  with  the  base  plate  held  firmly 
against  the  wall.  You  may  then  start  to  cut  the  opening 
required. 

When  using  the  saber  saw,  always  apply  steady,  even, 
pressure  and  hold  the  base  plate  firmly  against  the  work. 
Forcing  the  saw  will  cause  stalling  and  overheating.  The 
saber  saw,  like  the  electric  drill,  has  ventilation  holes  that 
should  be  kept  clean  and  free  of  dust  or  dirt  to  prevent 
overheating. 

There  is  one  last  thing  to  remember  when  cutting  or 
drilling  in  finished  walls  or  around  any  electrical  circuits 
that  are  already  installed.  That  is,  check  to  make  sure  you 
do  not  drill  or  cut  into  anything  that  may  be  concealed  in  the 
wall,  including  electrical  circuits  that  may  be  hot. 
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3.    Bits  ordinarily  used  with  the  electric  drill  are 
the  twist  bit,  spade  bit,  and  masonry  bit. 


4.  When  using  a  spade  bit,  pressure  does  not  have 
to  be  applied  to  the  drill  because  it  has  a  screw 
tip  that  pulls  it  into  the  wood. 


S.  To  avoid  splintering  the  hole  with  the  spade  bit, 
apply  more  pressure  just  before  it  goes  through 
the  wood. 


6.    Masonry  bits  are  used  with  the  electric  drill  for 
drilling  into  concrete,  cinder  block,  or  brick. 


7.  The  best  way  to  keep  firom  overloading  the 
electric  hand  drill  is  to  avoid  using  oversized 
bits. 


8.  When  drilling  metal  with  a  twist  bit  and  electric 
drill,  reduce  pressure  just  before  breaking 
through  to  avoid  wedging  the  bit. 


9.    The  saber  saw  can  be  used  for  cutting  wood  or 
sheetrock  only. 
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When  cutting  an  opening  in  a  finished  wall  with   1  *  ■   The  base  plate  of  the  saber  saw  should  never 

a  saber  saw,  a  pilot  hole  should  first  be  drilled  touch  the  work  because  it  will  mark  or  scratch 

to  use  as  a  starting  point.  the  surface. 
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CHAPTER  3 


Electrical  Materials  and  Devices 


TO  BE  A  good  electrician,  you  soon  learn  that  you  must  be 
able  to  select  and  use  the  right  tool  for  the  job.  The  same 
applies  to  the  materials  and  devices  used  in  your  work.  If 
you  leam  which  materials  are  available  to  do  a  job  and 
when  to  use  them,  you  not  only  will  be  able  to  do  a  better 
job,  you  can  do  it  much  faster.  In  this  chapter,  you  will 
study  materials  and  devices  used  in  electrical  work,  such  as 
conductors,  boxes  and  covers,  conduit  and  associated 
fittings,  switches  and  receptacles,  and  lighting  fixtures. 


3-1 .  Conductors 

Current  flowing  through  a  wire  causes  heat.  The  amount 
of  heat  varies  as  the  amperage  varies.  For  this  reason, 
various  types  and  sizes  of  conductors  are  used  in  interior 
wiring  to  carry  differing  amperage  loads.  Also,  because 
conductors  are  used  in  many  different  locations  and  for 
different  purposes,  conductors  are  made  with  numerous 
types  of  insulation. 

In  this  section  the  sizes,  types,  and  uses  of  conductors 
will  be  covered  so  that  when  it  comes  time  for  you  to  install 
circuits,  you  will  be  familiar  with  what.is  available. 

224.  Define  the  terms  associated  with  the  use  of 
conductors,  and  specify  the  conditions  that  determine 
the  current-carrying  capacity  of  a  conductor. 

Terminology.  As  soon  as  you  start  to  work  as  an 
electrician,  you  will  find  that  a  new  language  is  used.  This 
is  true  of  any  trade  that  has  material  peculiar  to  the  work 
that  is  done.  In  the  electrical  trade,  two  terms  that  are  often 
used  to  mean  the  same  thing  are  ''wire"  and  ''conductor." 
There  is  nothing  wrong  with  this,  but  there  are  times  when 
it  is  necessary  to  be  more  specific.  You  should  leam  the 
following  terms  and  know  what  each  of  them  means. 

a.  Wire — A  thin  rod  of  hard  or  soft  drawn  metal.  In 
electrical  work,  this  metal  is  one  that  conducts  easily,  such 
as  copper  or  aluminum. 

b.  Conductor — As  applied  to  interior  wiring,  a 
conductor  is  a  bare  or  insulated  wire  or  group  of  wires  not 
insulated  from  each  other  and  that  is  suitable  for  carrying  an 
electrical  current. 

c\  Soiid  conductor — A  bare  or  insulated  single  wire. 

Stranded  conductor — A  group  of  wires  twisted 
together  to  form  a  single  conductor  that  may  be  bare  or 
insulated.  (Larger  stranded  conductors  often  are  called 
cable.) 

e.  Strand — One  wire  of  a  stranded  conductor. 
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/.  Cable — Two  or  more  solid  or  stranded  conductors 
insulated  from  each  other  that  may  or  may  not  be  contained 
in  a  common  outer  covering. 

g.  Cord — Small  stranded  flexible  cable,  usually  rubber 
covered. 

Current  Carrying  Capacity.  The  amount  of  current  a 
conductor  will  carry  safely  depends  on  four  things:  the 
metal  used,  the  size  of  the  wire,  the  type  of  insulation,  and 
the  location  of  the  conductor.  Each  of  these  must  be 
considered  when  you  select  the  type  of  conductor  to  be  used 
for  a  job. 

Wire  materials.  Today  wires  are  made  from  several 
materials  or  combinations  of  these  materials.  The  most 
common  metals  used  are  copper,  copper  alloy,  aluminum, 
and  copper-clad  aluminum.  Copper,  although  the  most 
exp>ensive,  is  still  considered  the  best.  If  an  aluminum  or 
c6pper*clad  aluminum  wire  is  used  in  place  of  a  copper 
wire,  it  must- be  one  size  larger  to  carry  the  same  current 
safely.  AFM  88-15,  Air  Force  Design  Manual-Criteria  and 
Standards  for  Air  Force  Construction,  requires  all 
conductors  No.  4  or  larger  to  be  copper. 

Wire  size.  To  work  with  different  size  wires,  you  must 
know  something  about  the  scheme  used  in  wire  numbering. 
Instead  of  referring  to  wires  by  the  diameter  or  area  of  the 
wire,  numbers  have  been  assigned  to  represent  sizes.  The 
numbers  used  for  electrical  wire  are  called  the  American 
wire  gage  (AWG)  numbers.  The  range  of  the  AWG  is  from 
No.  40,  the  smallest,  to  No.  4/0,  the  largest.  The  number  is 
based  on  the  diameter  of  the  conductor,  and  a  special  gage 
is  used  to  measure  the  diameter.  This  gage  was  covered  in 
Chapter  2  of  this  volume. 

Figure  3-1  shows  you  the  various  sizes  of  wire  in  the 
American  wire  gage.  Note  that  at  the  bottom  of  the  chart, 
the  last  conductor  is  marked  350  MCM.  All  conductors 
larger  than  No.  4/0  AWG  are  sized  according  to  the  cross- 
sectional  area  in  circular  mils  and  are  designated  by  MCM 
(thousand  circular  mils).  A  circular  mil  is  the  area  of  a 
circle  one-thousandth  of  an  inch  in  diameter.  The  350 
MCM  conductor  on  the  chart  has  a  cross  sectional  area  of 
350,000  circular  mils.  Conductors  made  in  MCM  sizes 
range  from  250  MCM  to  2000  MCM. 

Note  also  on  the  chart,  the  larger  AWG  sizes  are  listed  as 
stranded  conductors.  ^'  *^s  larger  than  No.  6  AWG  would 
be  very  stiff  and  hard  iv^  candle  if  they  were  solid.  Therefore 
anything  larger  than  No.  6  AWG — and  even  some  that  are 
smaller — are  stranded  for  flexibility.  The  most  common 
sizes  of  conductors  you  will  be  working  with  are  from  No. 
12  AWG  through  No.  4/0. 

AFM  88-15  requires  No.  12  AWG  to  be  the  smallest 
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SIZE 

NUMiER 

NATURAL 
SIZE 

DIAMETER 

(INCHES) 

Na 
or 

WIRES 

WEIGHT 
(rSET 
PER 
POUND) 

40 
3« 
30 
34 
It 
16 
14 

10 
8 

TOO  SMALL 
TO  SHOW 
ACCURATELY 

• 

# 

.0031 
.0050 
.0102 
.0201 
.0403 
.0500 
.0440 

.oeoa 

lOlt 
■  13R4 

SOLID 
SOLID 

33«410. 
13«210. 
3.287. 
817.4 
203.4 
127.9 
80.44 
50.59 
31.82 
20.01 

6 
4 

m 

184 

.232 

7 
7 

12.58 
7.91 

2 

• 

.292 

7 

4.97 
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Figure  3-1 .  AWG  and  MCM  conductor  chart. 
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conductor  used  for  general  wiring  and  branch  circuits. 
Smaller  sizes,  such  as  No.  14  and  No.  16  AWG  and  below, 
usually  are  used  for  special  purposes,  such  as  fixture 
wiring,  appliance  controls,  signal  and  alarm  circuits,  or 
motor  windings.  You  must  remember,  the  size  of  a 
conductor  is  determined  by  the  diameter  or  cross- sectional 
area  of  the  wire,  which  does  not  include  the  insulation. 

Insulation,  The  type  of  insulation  needed  for  a  conductor 
is  based  primarily  on  where  it  is  going  to  be  used.  For 
example,  you  should  not  use  a  rubber-  or  plastic-insulated 
wire  in  a  place  where  it  would  be  subjected  to  very  high 
temperatures.  On  the  other  hand,  you  should  not  install  an 
asbestos-insulated  wire  where  it  might  get  wet.  The  types  of 
insulation  and  where  they  can  be  used  are  covered  in  the 
National  Electrical  Code  (NEC)  book.  The  code  also 
requires  manufacturers  of  wire  and  cables  to  identify  their 
product  properly.  They  must  show  the  size  of  wire,  the  type 
of  insulation,  the  maximum  working  voltage,  and  the 
manufacturer's  name  or  trademark.  This  information  it 
placed  on  the  outer  surface  of  the  insulation.  You  can  leam 
a  great  deal  about  the  wire  or  cable  by  reading  the 
markings.  Some  of  the  common  letters  used  to  indicate  a 
type  of  msulation  or  a  characteristic  are  as  follows: 

•  A- Asbestos. 

•  H-Heat  resistant. 

•  R-Rubber. 

•  T-Thermoplastic. 

•  V- Varnished  cambric. 

•  W-Moisture  resistant. 

These  letters  often  are  used  in  combination  to  indicate  an 
insulation  type.  For  example: 

•  TW-Moisture-resistant  thermoplastic.  Used  in  dry  or 
wet  locations. 

•  RHW-Heat-  and  moisture-resistant  rubber.  Used  in 
dry  or  wet  locations. 

AFM  88-15  requires  that  all  conductors  No.  6  AWG  or 
larger  must  have  a  minimum  of  heat  resistant  insulation 
plus  one  or  more  of  the  insulations  listed  above. 

Location.  As  mentioned  before,  the  location  where  the 
conductor  is  to  be  installed  also  has  an  effect  on  the 
current-carrying  capacity.  A  conductor  used  in  free  air  will 
carry  safely  more  currv^nt  than  the  same  conductor  installed 
along  with  other  conductors  in  conduit  or  cable.  The  reason 
is  that  the  conductor  in  free  air  is  able  to  get  rid  of  the  heat 
caused  by  current  flow  much  faster  than  if  it  were  in  conduit 
or  cable.  The  number  of  conductors  installed  in  conduit  also 
has  an  effect  on  the  current-can^  ir.g  capacity.  The  more 
conductors  there  are,  the  lowji  the  safe  current-carrying 
capacity.  To  determine  the  J^riwu-it  of  c  urrent  a  specific  size 
and  type  of  conductor  used  i:^  a  certain  location  can  carry, 
you  must  refer  to  the  ationat  Electri-  ni  Code.  We  will 
discuss  current  carrying  capacity  in  v.'eta»':  in  Chapter  5. 


2.  Define  conductor. 


3.  What  is  the  difference  between  a  solid  and  a  stranded 
conductor? 


4.  Of  the  materials  used  for  conductors  today,  which  is 
the  best? 


5.  What  is  the  size  range  of  the  American  wire  gage? 


6.  Which  is  the  larger  conductor,  a  No.  2  AWG  or  a  No. 
20  AWG? 


7.  How  are  conductors  larger  than  No.  4/0  AWG  sized 
and  numbered? 


8.  Why  are  larger  conductors  stranded? 


9.  What  do  the  following  letters  mean  when  used  for 
marking  insulation  types? 

a.  TA. 

b.  RH. 

c.  THW. 


10.  Why  do  conductors  in  conduit  or  cable  have  a  smaller 
ampacity  rating  than  the  same  conductors  run  in  free 
air? 


Exercises  (224): 


3-2.  Boxes  and  Covers 


1 .  Define  wire. 


Boxes  and  covers  come  in  a  variety  of  types  and  sizes 
that  you  will  use  eventually  when  installing  an  electrical 
system.  This  section  covers  the  purpose,  types,  and  uses  of 
a  number  of  these  boxes  and  covers. 
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Knockouts 


Priouts 


Figure  3-2.  Box  knockouts  And  priouu. 


225.  Specify  the  purpose,  types,  and  uses  of  out^t  and 
Junction  boxes  required  in  interior  electrical  systems. 

Purpose.  The  National  Electrical  Code  requires  that  all 
connections  to  electrical  devices  or  lighting  fixtures  and  all 
connections  between  conductors  in  interior  wiring  systems 
be  inclosed.  The  main  purpose  of  this  requirement  is  to 
reduce  ti.e  possibility  of  fire  that  could  start  easily  from  a 
short  circuit  or  a  poor  connection  near  combustible 
material.  The  required  inclosures  also  provide  physical 
protection  for  wire  terminals,  splices,  and  electrical 
devices.  In  addition,  people  are  protected  from  accidental 
shock,  bums,  or  possible  electrocution  that  could  occur  if 
attachment  terminals  were  not  inclosed. 

Outlet  boxes  and  junction  boxes  are  used  to  provide  the 
required  inclosures.  Switches  and  receptacle  outlets  are 
installed  in  outlet  boxes.  Lighting  flxtur*.s  are  attached  to 
outlet  boxes  that  have  been  mounted  securely  to  the 
building  structure.  Conductor  connections  and  splices  are 
inclosed  in  junction  boxes.  The  larger  junction  boxes  that 
have  terminals  for  making  conductor  connections  are 
limited  to  such  use.  However,  smaller  junction  boxes 
normally  used  for  conductor  splices  and  outlet  boxes  often 
are  used  interchangeably.  Splices  are  quite  common  in 
boxes  that  contain  electrical  devices.  On  the  other  hand. 


boxes  usually  used  for  splices  can  be  adapted  to  electrical 
devices  or  lighting  fixtures  by  use  of  specialized  box 
covers. 

Construction.  Boxes  come  in  various  shapes  and  sizes. 
They  can  be  classified  into  two  types:  those  used  for 
concealed  wiring  and  those  used  for  exposed  or  surface- 
mounted  wiring.  Surface-mounted  boxes  are  known  as 
utility  boxes  but  often  are  referred  to  as  handy  boxes.  Boxes 
may  be  made  of  metal  or  nonmetallic  (NM)  insulating 
material.  Metal  boxes  are  made  from  sheet  steel,  malleable 
iron,  or  cast  medals,  such  as  aluminum,  brass,  or  bronze. 
Metal  boxes  and  fittings  not  made  ftom  corrosion  resistant 
materials  must  be  galvanized,  enameled,  or  otherwise 
coated  to  prevent  corrosion.  Enamel-protected  boxes  are 
not  used  in  damp  or  wet  locations.  Metal  boxes  can  be  used 
with  any  type  of  wiring.  However,  use  of  nonmetallic  boxes 
is  limited  to  nonmetallic  wiring  methods,  such  as 
nonmetallic-sheathed  cable  or  rigid  nonmetallic  conduit 
(plastic  pipe,PVC). 

Descriptior  and  Use.  Boxes  may  be  round,  octagonal, 
square,  or  rectangular  in  shape.  All  boxes  have  an  open 
side,  which  is  closed  after  installation  by  an  electrical 
device,  lighting  fixture,  or  cover  plate.  Boxes  are  provided 
with  knockouts,  priouts,  or  a  combination  of  the  i^vo. 


NonrMtokilc 
cotit  clomp 


Nonmetolilc  and 
ormortd  coblG  clomp 


Nonmetallic  coblo 
clamp 


Loom  and  nonmetallic 
cabia  clamp 
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Figure  3-3.  Box  clamps. 
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Figure  3-^.  Round  outlet  box.  CCQ-oae 

Figure  3-6.  Square  box. 


Knockouts  are  prepunched  disks  that  can  be  knocked  out 
easily  to  permit  conduit  or  cable  connectors  to  be  installed. 
There  may  be  several  sizes  of  knockouts  on  a  box  to 
accommodate  more  than  one  size  of  conduit.  Priouts  arc 
prepunched  slotted  pieces  that  are  pried  out  by  inserting  a 
screwdriver  blade  in  the  slot  and  then  twisting  and  bending. 
Priouts  arc  provided  in  boxes  that  have  built-in  clamps  to 
secure  the  cable.  Figure  3-2  shows  examples  of  both 
knockouts  and  priouts.  Figure  3-3  illustrates  four  typical 
box  clamps. 

Round  boxes.  Round  outlet  boxes,  as  shown  in  figure  3- 
4,  usually  are  installed  in  the  ceiling.  They  arc  used  as 
lighting  outlets  and  to  support  lighting  fixtures.  Such  boxes 
often  are  referred  to  as  ceiling  boxes  or  ceiling  pans.  Round 
boxes  are  VA  or  4  inches  in  diameter.  Most  metal  boxes  are 
only  1/2  or  3/4  inch  in  depth.  Nonmetaliic  boxes  range  up  to 
3  inches  in  depth.  When  shallow  boxes  (1/2  of  3/4  inch)  are 
used,  wire  entrances  arc  located  in  the  bottom  of  the  box. 
The  box  not  only  includes  the  circuit  and  the  fixture  wires, 
and  their  connections,  but  it  also  supports  the  fixture. 
Heavy  lighting  fixtures,  over  50  pounds,  need  added 
support.  This  support  is  provided  by  a  fixture  stud.  Boxes 
are  available  with  fixture  studs  installed  or  a  separate  stud, 
with  or  without  a  bar  hanger,  can  be  mounted  through  the 
center  knockout.  Round  boxes  cannot  be  .sed  where 
conduit  or  cable  connectors  that  require  the  use  of  locknuts 
or  bushings  are  to  be  connected  to  the  side,  because  there 
are  no  holes  in  the  sides  of  these  boxes. 

Octagonal  boxes.  Octagonal  boxes  are  not  true 
octagons,  but  arc  more  like  squares  with  rounded  off 
comers,  as  you  can  sec  in  figure  3-5.  These  boxes  arc  used 
mainly  for  lighting  outlets.  Generallv,  they  arc  easier  to  use 
than  round  boxes  since  any  type  of  wiring,  including 


ceo*o«5 


conduit,  can  be  brought  into  the  box  from  the  sides,  as  well 
as  from  the  back.  Most  octagonal  boxes  arc  either  V/i  or  4 
inches  across  and  range  in  depth  from  1  Vi  inches  to  2 
inches;  There  are  some  specially  hung  ceiling  boxes  that  are 
316  inches  deep.  Octagonal  concrete  boxes  are  as  deep  as  6 
inches.  Octagonal  boxes  have  knockouts,  priouts,  cable 
clamps,  and  threaded  holes  for  mounting  lighting  fixtures  or 
electrical  devices,  and  may  have  fixture  studs  added. 

Square  boxes.  Square  boxes  (fig.  3-6)  are,  as  their  name 
implies,  square,  except  that  the  comers  of  many  of  them  are 
smoothly  rounded.  The  most  common  sizes  of  square  boxes 
are  4  to  4  inches  across  and  from  1  Va  to  2  inches  in 
depth.  Other  sizes  of  boxes  are  available.  The  size  of  box 
needed  for  a  specific  location  is  determined  by  the  size  and 
number  of  conductors  in  the  box.  These  limitations  are 
governed  by  the  NEC  and  will  be  discijssed  later.  Square 
boxes  are  used  mostly  as  junction  and  pull  boxes.  A  pull 
box  allows  conductors  to  be  puUed  through  the  conduit  to 
an  intermediate  point  and,  eventually,  to  the  point  of  use, 
without  having  to  be  cut  and  spliced.  Square  boxes  are  also 
used  with  adapt^^r  plates  to  mount  electrical  devices.  This  is 
most  likely  to  be  done  when  conduit  is  to  enter  and  leave  the 
box  on  the  same  side  or  when  added  space  is  needed 
because  of  the  number  and  size  of  conductors  involved. 
Another  use  for  square  boxes  is  to  mount  special  purpose 
outlets,  such  as  the  type  used  for  an  electric  range. 

Device  boxes.  Device  boxes  or  switchboxes  (fig.  3-7) 
are  rectangular  in  shape.  These  boxes  are  used  for  mounting 
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Figure  3-5.  OcUgonal  box.  Figure  3-7.  Device  box. 
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Figure  3-8.  Utility  box. 


single  toggle  switches  and  single  or  duplex  receptacle 
outlets.  If  you  look  at  the  lower  left  side  of  the  figure,  you 
can  see  a  screw  at  the  side  of  the  box.  Removal  of  this 
screw  allows  the  side  of  the  box  to  be  removed  by 
unhooking  the  interlocking  tabs  at  the  upper  left  of  the  box. 
By  removing  the  right  side  of  a  matching  box,  the  two 
boxes  can  be  fastened  together  with  the  screws.  Thiis 
procedure  is  known  as  ganging  and  is  done  to  permit  more 
than  one  switch,  receptacle,  or  a  combination  of  the  two  to 
be  mounted  side  by  side  with  a  single  cover  plate.  (Not  all 
devices  or  switchboxes  can  be  ganged.)  Some  switch  boxes 
for  use  with  nonmetallic  cable  have  the  bottom  inside 
comers  beveled,  but  in  most  cases,  the  beveled  and  square 
cornered  boxes  can  be  used  interchangeably  with  NM 
cable.  Switchboxes  are  3  x  2  inches  and  range  in  depth  from 
l'/2to  3*/?  inches. 

Utility  box<*s.  Utility  boxes  or  handy  boxes  are 
rectangular  in  shape,  as  shown  in  figure  3-8.  These  bv  ^s 
were  designed  mainly  to  permit  surface  installation  of 
switches  and  receptacle  outlets  with  exposed  metal  conduit. 
Because  they  are  made  only  with  conduit  knockouts, 
nonmetallic  cable  connectors  are  required  if  wiring  is  to  be 
done  with  nonmetallic  cable.  Handy  boxes  also  may  be 


used  with  surface  metal  raceway,  provided  the  proper  type 
of  connector  is  used.  These  boxes  are  used  for  such  other 
purposes  as  junction  boxes  and  switch  or  receptacle  outlet 
boxes  in  concealed  wiring.  On  the  other  hand,  square 
boxes  sometimes  are  used  for  surface  wiring,  especially 
where  two  switches  or  duplex  outlets  are  to  be  installed  at 
the  same  spot.  Octagonal  boxes  make  fairly  neat  looking 
junction  boxes  for  surface  wiring.  Actually,  most  of  the 
boxes  discussed  are  installed  at  various  times  for  other  than 
their  primary  purpose.  The  round  box  or  ceiling  pan  is  the 
least  versatile  when  an  alternate  use  of  a  box  is  being 
considered. 

Extension  rings.  Extension  rings  are  used  to  increase  the 
depth  of  octagonal  and  square  boxes.  They  are  similar  in 
appearance  to  the  boxes  themselves  except  that  instead  of 
having  a  closed  back,  a  narrow  flange  provides  a  seat  for 
mounting  the  extension  to  a  box.  Figure  3-9  shows 
octagonal,  square,  and  handy  box  extension  rings. 
Extension  rings  for  octagonal  and  square  boxes  are  1  Yi 
inches  or  2  inches  deep.  Extension  rings  for  these  boxes 
increase  box  capacity,  bring  the  edge  of  a  box  out  flush  with 
the  wall  surface  when  the  box  has  been  mounted  too  deep, 
and  extend  the  edge  of  an  old  box  beyond  the  surface  of  a 
wall  to  permit  the  addition  of  surface  wiring.  Handy  box 
extensions  are  either  1  Vi  or  1  inches  deep  and  are  used 
primarily  with  an  existing  flush  outlet  to  permit  the  addition 
of  surface  wiring.  Another  form  of  extension  ring,  although 
technically  not  classified  as  such,  is  a  ring  designed  to  allow 
switches  and  receptacle  outlets  to  be  mounted  flush  with 
existing  outlet  boxes  when  a  wall  is  resurfaced.  The  new 
wall  surface  might  consist  of  the  attachment  of  sheetrock  or 
paneling  directly  to  the  old  surface  or  the  addition  of  furring 
strips  between  the  old  and  new  surface.  Figure  3-10  shows 
how  these  extension  rings  are  used  to  permit  the  flush- 
mounting  of  devices  after  a  new  wall  surface  is  added.  The 
ring  is  held  in  place  by  long  screws  passing  through  the 
mounting  holes  in  the  device  and  the  unthreaded  holes  in 
the  ring*s  ears  and  screwed  into  the  device-mounting  holes 
on  the  box.  These  rings  allow  the  flush  mounting  of 
switches  and  receptacles  up  to  an  inch  away  from  the 
original  wall  surface. 


Octagonal 
Extension  Ring 


Square  Extension 
Ring 


Figure  3-9.  Extension  rings. 
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Figure  3-10.  Box  extender  ring. 


5.   What  is  another  name  for  utility  boxes? 


6.  Name  two  types  of  materials  used  to  make  boxes. 


7.   How  is  corrosion  prevented  on  boxes  not  made  of 
corrosion-resistant  material? 


8.  Where  may  nonmetallic  boxes  be  used? 


9.  Describe  a  box  knockout  and  stale  its  purpose. 


10.   Describe  a  priout  and  explain  when  priouts  are  put  in 
boxes. 


Exercises  (225): 

I.  What  are  three  reasons  for  electrical  connections  to  be 
inclosed? 


2.  What  is  used  to  provide  the  required  enclosures  for 
electrical  connections? 


3.  What  is  the  difference  between  an  outlet  box  and  a 
junction  box? 


1 1 .  Indicate  the  type  of  bDX  that  would  normally  be  first 
choi  ;e  for  the  purpose;;  listed  in  column  A  by  inserting 
the  tppropriate  letter  in  the  space  provided.  Selections 
in  cOfcUmn  B  may  be  u<^ed  once,  more  than  once,  or  not 
at  all. 


Column  A 

.  ( 1 )  Surface-mounted 

receptacle. 
.(2)  Receptacle  outlet. 
.  (3)  Surface-mounted 

junction  box. 
_(4)  Ceiling  light. 
-(5)  Wall-mounted  light. 
-(6)  Conductor  splices  or 

pull  boxes. 
-(7)  Single-toggle  switch. 
_(8)  Two  single-toggle 

switches. 


Column  B 

a.  Round  box. 

b.  Octagonal  box. 

c.  Square  box. 

d.  Device  box. 

e.  Utility  Wix. 


4.  Mark  the  follov/ing  statements  true  (T)  or  false  (F)  in 
the  space  provided. 

 a.    Large  junction  boxes  are  not  used  for 

outlets. 

 b.    Conductors  must  be  jointed  together  in  a 

junction  box. 

 c.    A  small  junction  box  can  be  used  to  mount 

a  duplex  receptacle. 
 d.    Splices  in  boxes  with  electrical  devices  are 

hazardous. 

 e.    Lighting  fixtures  must  be  installed  on  an 

outlet  box. 


12.   How  are  heavy  light  fixtures  supported? 


13.  When  installing  ceiling  lights  with  conduit,  what  is  the 
advantage  of  using  octagonal  boxes  instead  o\  round 
boxes? 
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17.   What  two  uses  can  he  iiuule  ol  utility  boxes  other  than 
tor  surface  nuHinicti  switches  or  receptacles? 


18.   When  considering  the  installation  ot  a  box  tor  other 
than   its  primary   purpose,   whicti  one  would  you 


probably  ncM  consider  ' 


Blank  With  Knockout 

Octagonal  Covers 


1^).   Describe  an  cxtensii^n  rui" 


Round  Cover 


Handy  Box  Cover 


20.   What  are  three  uses  tor  exiensiivi  rings? 


21 .  How  may  installed  switch  lx)xcs  be  used  when  a  room 
is  repanelled  using  3/4-inch  turrmg  strips  and  IM-inch 
plywood.' 


Blank  With  Knockout 

Square  Covers 

CCO-09t 

Figure  3-11.  Flat  covers, 
14.  What  is  a  pull  box? 


15.  When  wiring  with  conduit,  what  type  of  box  should  be 
used  when  conduit  is  to  enter  and  leave  the  box  on  the 
.sa rne  side? 


16.  What  is  meant  by  ganging  boxes  together  and  when  is 
it  done? 


^26.  Identify  box  covers  in  terms  of  their  purposes  and 
design  characteristics. 

Box  Covers.  A  junction  box  or  an  outlet  box  is  not 
complete  unless  it  has  a  cover  to  close  it.  The  cover 
provides  both  protection  and  a  neat  appearance.  There  arc 
several  designs  ot  box  -overs— round,  square,  rectangular, 
flat,  raised,  device  mounts,  and  exterior  covers.  Covers 
may  be  made  from  metal,  insulating  material,  or  plastic. 

Flat  covers  may  be  used  for  several  purposes.  Blank  ones 
serve  to  close  the  box  and  protect  the  wiring  inside.  Some 
fla;  covers  have  knockouts  to  permit  connection  of  conduit, 
armored  cable,  or  nonmetallic  cable.  Others  have  openings 
designed  for  the  mounting  of  certain  electrical  devices. 
Round  and  octagonal  ctwers  can  be  used  with  either  round 
or  octagonal  boxes,  square  covers  tit  square  boxes  and 
rectangular  covers  fit  rectangular  boxes.  ,Several  tlat  covers 
are  show  n  in  figure  3-11. 


Round  Cover 
With  Knockout 


Square  Cover 
Blank 
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Figure  3-12,  Raised  overs. 
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Round-Fixture  Squore-Fixture  Round-Device,  Square-Device 

Single,  Raised  Single,  Flat 


Square- Device, 
Single,  Raised 


Square-Device, 
Doubie,  Raised 


Square-Device, 
Single,  Raised 
Square  Cut 


Figure  3-13  Device  covers. 


Raised  covers  take  several  forms.  Some  of  them  are  used 
to  provide  added  interior  space  in  the  box,  as  well  as  to 
close  it.  Figure  3-12  illustrates  this  type  of  cover.  These 
covers  are  usually  5/8  of  an  inch  deep  and  increase  the  cubic 
capacity  of  a  box  by  about  3.8  cubic  inches.  There  is 
another  group  of  covers  commonly  referred  to  as  device 
covers.  They  are  made  to  allow  the  mounting  of  electrical 
devices  or  round,  octagonal,  and  square  boxes.  Device 
covers  may  be  either  flat  or  rai.sed.  The  location  of  the  box 
determines  which  type  to  be  used.  Raised  device  covers 
range  in  depth  from  1/4  inch  to  Wz  inches.  The  depth  is 
based  on  the  thickness  of  material  used  to  construct  the  wall 
materials;  that  is,  dry-wall  or  sheetrock,  plaster,  tile,  or 
wood.  Figure  3-13  shows  a  number  of  device  covers.  The 
two  at  the  upper  left  are  electrical  fixture  mounts  rather  than 
device  mounts.  The  one  at  the  lower  right  is  a  square-cut 
cover  designed  to  be  used  with  a  tile  wall. 

Another  type  of  cover  is  used  to  cover  the  box  after  one 
or  more  electrical  devices  have  been  installed.  Those  covers 
are  used  to  provide  a  finished  appearance.  Kxterior  covers 
fall  into  two  major  groups — those  for  surface  wiring  and 
those  for  concealed  wiring.  The  covers  for  exposed  wiring 
also  arc  of  two  general  types — flat  covers  and  raised  covers. 
Flat  covers  for  surface-wiring  are  used  for  finishing  when 
extra  space  is  hnt  needed  in  the  box.  Examples  of  Hat 
covers  for  octagonal  and  handy  boxes  are  .shown  at  the  top 
of  figure  3-14.  When  extra  space  is' required  in  the  box, 
raised  covers  are  in.stalled  to  provide  an  extra  7.3  cubic 
inches  of  space.  The  center  of  figure  3-14  shows  some 
raised  covers.  Covers  for  concealed  wiring  fit  flush  with  the 


surface  in  which  the  box  is  mounted  with  some  typical 
examples  shown  at  the  bottom  of  figure  3-14. 

Exercises  (226): 


Identify  each  ol  the  following  statements  about  box  covers 
as  true  (T)  or  false  (F)  in  the  space  provided. 


.  1.    Box  covers  are  used  to  provide  protection,  as 

well  as  to  give  work  a  finished  appearance. 
.2.    Round  and  square  box  covers  are  metal  but 

rectangular  ones  are  plastic. 
-  3.    Flat,  blank  box  covers  are  used  for  protection  of 

the  inclosed  wiring. 
-4.    One  purpose  of  a  raised  cover  is  to  increase  box 

space. 

.5.  Device  covers  are  needed  when  electrical 
d  vices  are  installed  in  switchboxcs  where  there 
is  a  requirement  to  adapt  to  a  different 
configuration. 

.6.  The  depth  of  a  raised  device  cover  is  based  on 
the  thickness  of  the  wall-surfacing  material. 

.7.  A  square-cut  device  cover  is  required  for  a  tiled 
wall. 

Boxes  used  for  surface-wiring  undersize  require 
raised  covers  to  meet  space  requirements. 
.9.    Hxtcrior     device     covers     can     be  used 
interchangeably  for  either  surface  or  concealed 
wiring. 
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Flush  Switch 
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Flush  Double 
Receptacle  Plate 


Flush  Switch  and 
Receptacle  Plate 


Flush  Plate  for  3 
Interchangeable  Devices 


ceo- 0*9 


Figure  3-14.  Rat,  raised,  and  flush  device  plates. 
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Figure  3~!5.  Threaded  coupling. 

3-3.  Conduit  and  Fittings 

One  of  the  methods  used  lor  wiring  circuits  in  buildings 
is  by  installr*>g  conductors  in  conduit.  In  this  section,  we 
will  cover  the  types  of  conduit  and  the  fittings  used  with 
each  type. 

227.  Identify  conduit  and  conduit  fittings  in  terms  of 
their  design  characteristics  and  applications. 

Conduit.  Conduit  is  a  term  used  in  the  electrical  field  to 
describe  certain  types  of  racew-^vs.  Raceway,  as  defined  in 
the  National  Electrical  Code,  is  basically  a  channel 
designed  expressly  for  holding  wires,  cables,  or  bus  bars  (a 
copper  bar  often  used  in  place  of  wire  or  cable).  This 
definition  includes  all  types  of  conduit.  Conduit,  the  fittings 
used  for  installation,  and  the  boxes  discussed  previously 
make  up  what  is  known  as  a  conduit  wiring  system.  These 
systems  provide  good  physical  protection  and  can  be 
installed  in  many  places  where  other  types  of  systems 
cannot. 

Rigid  metal  conduit.  Rigid  metal  conduit  is  very  similar 
to  the  pipe  used  by  plumbers.  The  main  difference  is  that 
conduit  is  finished  smooth  on  the  inside.  The  metals  used  to 
make  rigid  conduit  are  steel  or  aluminum.  There  are  two 
types  of  steel  (ferrous),  rigid  metal  conduit:  enamel-coated 
and  galvanized.  The  enamel-coated  conduit  can  be  used 
only  indoors  and  in  places  not  subject  to  severe  corrosive 
influences.  The  galvanized  conduit  can  be  used  in  any 
location,  including  in  concrete  or  underground.  Rigid  metal 
conduit  is  made  in  sizes  ranging  from  1/2  inch  to  6  inches. 
The  size  is  determined  by  the  inside  diameter  of  the  pipe,  as 
is  the  case  with  all  types  of  electrical  conduit.  It  comes  in 
lengths  or  sticks  of  10  feet  with  tapered  threads  cut  on  either 
end.  Threaded  sleeve  couplings,  as  shown  in  figure  3-15, 
are  used  to  connect  two  pieces  of  rigid  conduit.  Where  the 
conduit  is  connected  to  boxes,  you  must  use  locknuts  and 
bushings.  For  circuits  of  less  than  250  volts,  you  may  use 
one  locknut  and  a  bushing  to  connect  the  conduit  to  a  box. 
This  installation  is  shown  in  figure  3-16.  For  circuits  above 
250  volts,  two  locknuts  and  a  bushing  are  required.  One 
locknut  is  placed  on  the  outside  of  the  box;  the  other  is 
placed  on  the  inside.  The  two  locknuts  insure  better 
grounding  of  ail  the  conduit  and  boxes  in  the  system.  The 
bushing  protects  the  circuit  wires  from  abrasion  against  the 
end  of  the  conduit.  Ail  couplings  and  connections  in  rigid 
conduit  systems  must  be  made  wrench  tight.  The  number  of 
circuit  wires  that  may  be  installed  in  each  size  of  conduit  is 
governed  by  the  National  Elec  trical  Code, 
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Rif^id  nonmetallic  conduit.  Rigid  nonmetallic  conduits 
constructed  of  a  nonmetallic  material  that  must  be  resistant 
to  moisture  and  chemical  atmospheres.  For  use 
aboveground,  it  must  also  be  flame-retardant,  resistant  to 
impact  and  crushing,  resistant  to  distortion  from  heat,  and 
resistant  to  low  temperature  and  effects  of  sunlight.  This 
conduit  is  nomially  made  of  polyvinyl  chloride  (PVC)  and 
is  also  similar  to  the  plastic  pipe  used  by  plumbers. 
Connections  and  couplings  are  made  with  thrcadless  fittings 
that  are  glued  together  with  a  special  glue.  The  smallest  size 
rigid  nonmetallic  conduit  is  1/2  inch.  This  type  of  conduit 
offers  good  physical  protection  to  the  conductor,  is  easy  to 
install,  and  can  be  used  in  many  of  the  same  locations  as 
rigid  metal  conduit. 

Electrical  metallic  tubing  (EMT),  Electrical  metallic 
tubing  is  also  known  as  thin*wall  conduit.  It  is  the  most 
popular  conduit  for  interior  wiring  systems.  However, 
unlike  rigid  conduit,  there  are  certain  restrictions  for  its  use. 
It  cannot  be  used  in  a  hazardous  location  or  where  it  might 
be  subjected  to  severe  physical  damage. 

Thin-wall  conduit  is  usually  made  of  galvanized  steel. 
Its  walls  are  much  thinner  than  those  of  rigid  conduit. 
Because  of  its  thin  walls,  it  cannot  be  threaded.  Instead  of 
threaded  couplings  and  connections,  compression-type, 
crimp-type,  or  setscrew-type  fittings  are  used  with  thin-wall 
conduit.  Figure  3-17  shows  a  compression-type,  thin-wall 


Figure  3-16.  Rigid  conduit  connection. 
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COUPLING  CONNtCTOR 

Figure  3-17.  Thin-wall  conduit  fittings. 


coupling  and  connector.  The  coupling  is  used  to  join  two 
lengths  of  conduit  together.  The  connector  is  used  ito 
connect  conduit  to  a  box. 

Thin-wall  conduit  is  available  in  sizes  from  1/2  inch 
through  4  inches,  in  lengths  of  10  feet.  Various  types  of 
fitting.s  and  adapters  are  available  for  joining  thin*wal! 
conduit  to  rigid  and  flexible  conduit. 

Intermediary  metal  conduit  (IMC).  This  type  of  conduit 
is  a  new  product  designed  to  be  used  as  an  alternate  to  rigid 
metal  conduit.  It  can  be  used  in  the  same  locations  as  rigid 
metal  conduit  and  some  of  the  same  fittings  may  be  used  for 
installation.  It  is  made  in  sizes  ranging  from  1/2  inch  to  4 
inches.  The  main  difference  between  intermediate  and  rigid 
is  in  the  weight.  Intermediate  has  a  smaller  conduit  wall 
thickness,  therefore,  it  is  lighter  and  somewhat  easier  to 
bend.  You  will  learn  more  about  bending  and  installing 
thin-wall,  rigid  conduit,  and  IMC  later  in  this  volume. 

Flexible  conduit.  Flexible  conduit  (flex)  comes  in  three 
types.  They  are  flexible  metal  tubing,  flexible  metal 
conduit,  and  liquidtight  flexible  metal  conduit.  The  flexible 
metal  tubing  is  a  circular,  flexible,  metallic,  liquidtight 
(without  jacket)  type  of  raceway  used  where  it  will  not  be 
subject  to  physical  damage,  such  as  above  a  suspended 
ceiling  for  connecting  light  fixtures.  It  comes  in  1/2-  and 
3/4-inch  electrical  tr^de  sizes  and  cannot  be  used  in  sections 
more  than  6  feet  in  length.  The  use  of  flexible  metal  tubing 
is  imiited  to  branch  circuits  in  dry  locations  with  1000  volts 
maximum  circuit  potential. 

Flexible  metui  conduit  is  similar  to  flexible  metal  tubing. 
The  main  difference  is  that  it  is  stronger  and  will  withstand 
more  physical  abuse.  Its  use  is  not  limited  to  6-foot  lengths 
and  the  maximum  size  is  not  limited  as  it  is  with  flexible 
tubing. 

Liquidtight  flexible  metal  conduit  is  actually  flexible 
metal  tubing  with  an  outer  liquidtight,  nonmetallic, 
sunlight-resistant  jacket.  This  conduit  can  be  used  in 
exposed  anJ  concealed  work,  in  wet  or  dry  locations,  and  in 
some  hazardous  locations  where  it  is  approved  specifically 
by  the  NEC.  It  cannot  be  used  where  it  might  be  subject  to 
physical  damage  or  where  the  ambient  or  conductor 
temperature  will  produce  an  operating  temperature  in 
excess  of  thai  for  which  the  outer  jacket  is  approved. 


In  general,  flexible  conduit  is  used  to  connect  equipment 
that  may  be  subject  to  vibration,  such  as  motors.  It  may  also 
be  used  for  extending  circuits  where  bending  rigid  or  EMT 
is  too  difficult  and  physical  protection  is  needed  for  the 
conductors.  Each  type  of  flex  must  be  used  with  fittings 
approved  for  the  purpose  of  coupling  and  connecting  that 
particular  type.  Figure  3-18  shows  some  examples  of 
flexible  metal  conduit  connectors.  Figure  3-19  shows  a 
liquidtight  flex  connector.  With  ceitain  exceptions,  as 
outlined  in  the  NEC,  the  minimum  size  flexible  conduit  that 
can  be  used  is  1/2  inch.  The  maximum  size  depends  on  the 
type.  Flexible  metallic  tubing  is  limited  to  3/4  inch  and 
liquidtight  flex  is  limited  to  4  inches.  Flexible  metal  conduit 
is  not  limited  as  to  maximum  size. 

Exercises  (227): 

I.  Match  the  following  types  of  conduit  or  conduit 
fittings  in  column  B  to  the  correct  descriptive 
statement  in  column  A  by  placing  a  letter  in  the  blank 
provided. 


Coiumn  A 

_ ( I)  A  metal  conduit  made 
in  sizes  of  |/2  inch 
through  6  inches  that 
may  be  used  in  any 
location. 

-(2)  Used  for  connecting 
metal  conduit  to  a 
box 

_(3)  Uses  threadless 
couplings  that  musl 
be  glued. 

-(4)  Also  called  thin-wall, 
conduil  uses 
compression  fittings 
for  coupling  and 
connecting. 

-(5)  Used  as  an  alternate 
in  place  of  rigid 
because  of  its  light 
weight. 

-(6)  Cannol  be  used  in 
lengths  over  6  feet. 


Column  B 

a.  Galvanized 
rigid  metal 
conduit. 

b.  Rigid 
nonmetallic 
conduit. 

c.  EMT. 

d.  Intet^ediMe 
Metal  conduit. 

e.  Flexible  metal 
tubing. 

f.  Flexible  metal 
conduit. 

g.  Liquidtight 
Hexible  metal 
conduit. 

h.  Locknuts  and 
bushings. 

i.  Compression 
connector. 

j.  Compression 
couplings. 


Figure  3-18.  Flexible  conduit  fittings. 
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CONNECTOR 
BODY 


GROUNDING 
PERRULE 


COMPRESSION 
NUT 


LOCKNUT 


COMPRESSION 
RING 


LIQUIDTIGHT  FLEXIBLE 
CONDUIT 


Figure  3-19.  Liquidtight  flex  connectcn*. 


Column  A 

_(7)  Used  to  fasten  EMT 

to  a  box. 
_(8)  Used  to  fasten  the 

ends       of  EMT 

together. 
_(9)  Used  for  connecting 

vibrating  equipment 

that  requires  6>inch 

electrical  trade  size. 
.(10)  Flexible  conduit  with 

an  outer  jacket. 


3-4.  Switches  and  Receptacles 

You  will  find  many  types  of  switches  and  receptacles  in 
interior  wiring  jystems.  Switches  are  necessary  for 
energizing  and  deenergizing  circuits  and  individual  items  of 
electrical  equipment.  On  the  other  hand,  receptacles  are 
necessary  for  connecting  portable  electrical  devices  to  a 
source  of  power  Think  for  a  moment.  How  many  times 
each  day  do  you  throw  a  switch  to  turn  on  lights  or  operate 
other  equipment?  How  often  do  you  plug  portable  devices 
into  wall  receptacles?  In  this  section,  we  discuss  some  of 
the  ^witches  and  receptacles  you  will  use  and  install. 

228.  Specify  the  purpose  of  a  switch,  and  specify  the 
types  and  uses  of  switches  required  for  interior  wiring 
systems. 

Switches.  Switches  are  used  to  connect  and  disconnect 
electrical  circuits  or  circuit  components  from  the  power 
source.  Operation  of  switches  may  be  manual  or,  in  some 
cases,  automatic.  In  this  section,  you  will  study  manually 
operated  switches  used  to  control  circuits,  or  components 
installed  in  interior  distribution  systems.  Automatic 
switches  used  for  controlling  motor  circuits  and  appliances 


will  be  covered  in  another  chapter.  There  are  many  types  of 
switches,  each  type  designed  for  specific  locations  and 
functions.  Each  type  must  be  rated  according  to  the  job  it  is 
chosen  to  accomplish. 

Single-pole  .switches.  Single-pole  switches  are  used 
mainly  to  control  individual,  low-amperage  circuits.  A 
good  example  is  an  ordinary  lighting  circuit  inside  a  room. 
You  turn  the  light  switch  to  ON  when  you  want  to  turn  on 
the  lights.  You  turn  the  light  switch  to  OFF  when  you  want 
to  turn  off  the  lights.  The  switch  simply  serves  as  a  device 
for  opening  and  closing  a  wire  in  a  two-wire  circuit.  The 
single-pole  switch  must  always  be  installed  in  the  hot 
(ungrounded)  wire  of  the  circuit.  Never  install  a  switc  h  in 
the  circuit's  neutral  (grounded)  ^  'ire.  The  switch  contacts 
are  inclosed  in  an  insulating  case,  Visually  made  of  Bakelite. 
You  cannot  open  the  case  to  work  on  the  contacts.  A  typical 
single-pcle  to^^gle  switch  is  shewn  in  figure  3-20.  When  a 
single-pole  switch  becomes  defective,  you  simply  remove 
and  replace  the  switch. 

Single-pole  switches  are  equipped  with  two  terminal 
screws  for  connecting  the  circuit  wires  to  the  switch.  Each 
switch  has  a  toggle  (short  handle),  pushbutton,  or  some 
other  way  to  open  or  riose  the  switch  manually.  The  words 
'*OFF"  and  **ON"  are  printed  on  the  toggle  switches  to 
visually  indicate  whether  the  switch  is  op>en  or  closed. 
Single-pole  switches  m.ust  always*  be  mounted  inside  a 
switc'fibox.  A  svif^cLpl^re  is  then  installed  over  the  switch 
and  box.  When  yo-j.  a  :ta!l  a  switch,  mount  it  in  the  box  so 
that  Ihe  toggle  poi.  ts  up  when  xhe  switch  is  on.  Single-pole 
switches  are  rated  n  ampt  es  and  volts.  You  must  select  a 
switch  that  is  rated  suitably  for  the  circuit  in  which  it  is  to  be 
used.  For  example,  a  switch  installed  in  a  20-ampere,  120- 
volt  circuit  must  be  rated  20  amperes  or  more,  and  120 
voirs  or  more. 

Double-pole  s\rifches.  These  switches  closely  resemble 
single-pole  switches.  However,  where  the  single-pole 
switch  is  used  ;o  open  and  close  one  wire  in  a  circuit,  the 
doL tie-pole  switch  is  equipped  with  four  terminal  screw5> 
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Figure  3-20.  Single-pole  toggle  switch. 


and  is  used  to  open  and  close  both  wires  of  a  single-phase 
circuit.  See  figure  3-21.  In  a  240-volt.  single-phase  circuit, 
both  hot  wires  of  the  circuit  must  be  switched  through  a 
double-pole  switch.  Double-pole  switches  must  be  installed 
in  the  same  manner  as  the  single-pole  switch.  When  the 
switch  is  placed  to  ON,  the  toggle  must  point  up.  The 
capacity  (amperage  and  voltage)  of  the  switch  must  be 
suitable  for  the  circuit  in  which  it  is  installed. 

Three-way  switches.  Single-  and  double-pole  switches 
are  used  to  control  a  circuit  from  one  location  only.  Where 
you  want  to  control  a  circuit  from  two  locations,  you  must 
use  three-way  switches.  A  three-way  switch  may  be 
identified  by  the  number  of  terminal  connections  on  the 


Figure  3-21 .  Double-pole  toggle  switch. 
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Figure  3-22.  Three-way  switch  positions. 


switch  housing.  It  has  a  common  terminal  on  one  end  ^.id 
two  traveler  terminals  on  the  other  end.  Unlike  single-  and 
double-pole  switches,  the  toggle  on  a  three-way  switch  is 
not  labeled  **ON''  and  **OFF/'  The  switch,  however, 
should  be  mounted  in  a  vertical  position.  Figure  3-22  shows 
how  the  switch  works  internally.  Screw  A  is  the  common 
terminal  and  screws  B  and  C  are  the  traveler  terminals. 
Note  that  one  position  of  the  toggle  connects  screw  A  to  C 
and  the  other  position  connects  screw  A  to  B.  Figure  3-23 
shows  how  two  three-way  switches  are  connected  in  a 
circuit  to  control  a  light  from  two  points.  With  the  switches 
in  the  positions  shown,  the  circuit  is  open.  If  the  position  of 
either  switch  is  changed,  the  circuit  will  be  closed  and  the 
light  will  bum. 

Four-way  switches.  In  some  installations,  you  may  need 
to  control  a  circuit  from  more  than  two  locations.  In  this 
case,  and  three-wa>  switches  and  any  number  of  four-way 
switches  may  be  used.  With  this  combination,  a  circuit  can 
be  controlled  from  any  number  of  desired  locations  .  Four- 
way  switches  do  not  have  the  words  **0N"  and  * 'OFF" 
printed  on  the  switch  toggle.  This  is  because  in  either 
position  (up  or  down),  the  switch  may  be  in  the  ON  or  OFF 
position.  Figure  3-24  shows  how  most  four-way  switch 
terminals  are  connected  internally.  The  detail  to  the  left 
shows  the  switch  in  one  position  and  detail  to  the  right 
shows  the  switch  in  the  other  position.  Figure  3-25  shows  a 
circuit   with   a   combination  three-way   and  four-way 
switching  arrangement.  The  light  can  be  turned  on  or  off 
from  any  of  the  three  switches.  You  may  add  any  number  of 
four-way  switches  to  the  circuit.  However,  all  four-way 
switches  must  be  connected  electrically  between  the  two 
three-way  switches. 

Three-  and  four-way  switches  are  installed  in  outlet 
boxes  in  the  same  manner  as  are  single-pole  switches.  The 
mechanical  construction  varies  among  manufacturers  so 
that  the  marked  (common)  terminal  is  sometimes  alone  on 
one  end  of  the  switch  or  sometimes  alone  on  one  side. 
These  three-way  switches  are  wired  as  shown  in  figures  3- 
23  and  3-25 »  depending  on  the  location  of  the  marked 
(darker  colored)  terminal.  Fortunately,  no  harm  is  done  if 
the  wrong  terminals  are  selected,  except  that  the  circuit  will 
not  work.  If  there  is  any  doubt  as  to  which  are  the  correct 
terminals  on  a  switch,  use  an  ohmmeter  or  continuity  test 
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Figure  5-23.  Three-way  switch  connection. 
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Figure  3-24.  Internal  connections  of  a  four-way  switch. 
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platform.  Circuit  breakers  and  disconnect  switches  will  be 
covered  in  detail  in  a  later  chapter. 


Exercises  (228): 

1 .  What  is  the  purpose  of  a  switch? 

2.  What  switches  must  be  used  to  control  a  light  or  lights 
from  two  locations? 

3.  What  switches  are  required  to  control  a  light  or  lights 
from  more  than  two  locations. 


4.  A  three-way  switch  has  how  many  terminals? 

Figure  3-26.  Knife-blade  switch. 


set  to  establish  the  proper  connection  sequence.  It  may  be 
necessary  to  draw  yourself  a  circuit  with  switch  terminals 
marked  to  establish  the  correct  switch  wiring  sequence  and 
make  it  easier  to  hook  up. 

To  make  the  installation  of  three-  and  four-way  switches 
easier,  follow  these  rules: 

a.  Connect  the  white  wire  from  the  power  source  to  the 
silver  terminal  of  the  outlet  being  switched. 

b.  Connect  the  hot  (black)  wire  from  the  power  source  to 
the  common  terminal  on  the  first  three-way  switch. 

c.  Connect  the  hot  (black)  wire  from  the  common 
terminal  of  the  second  three-way  switch  to  the  dark  terminal 
of  the  outlet  being  switched. 

rf.  Connect  traveler  wires  between  the  switches. 

Knife-blade  switches  and  circuit  breakers.  Knife-blade 
switches  use  spring-loaded  slide  contacts  with  a  movable 
blade  and  handle,  as  shown  in  figure  3-26.  These  switches 
are  used  to  disconnect  ungrounded  conductors.  Switches 
with  more  than  one  blade  open  all  conductors  at  the  same 
time.  They  normally  are  used  as  a  main  disconnect  switch 
to  cut  off  povyer  to  a  building  or  a  large  piece  of  equipment. 
Knife-blade  switches  may  be  fused  or  nonfused  and  single 
or  multiple  throw.  They  must  be  made  and  mounted  so  that 
gravity  will  not  accidentally  close  the  switch.  Normally, 
when  the  handle  is  in  the  down  position,  the  power  is  off  tlfie 
load  terminals. 

Circuit  breakers  are  overcurrent  protective  devices  that 
may  be  used  as  switches.  When  they  are  used  as  switches* 
they  must  be  inclosed  in  a  box  or  cabinet.  When  they  are 
used  as  switches  on  120-vclt»  fluorescent  lighting  circuits* 
they  must  be  marked  SWD  switches  and  approved  for  the 
purpose.  All  switches  and  circuit  breakers  used  as  switches 
must  be  installed  so  that  the  handle »  when  in  its  highest 
position,  is  no  more  than  6V2  feet  from  the  floor  or  woricing 


5.  How  are  single-pole  toggle  switches  mounted? 


6.  How  are  switches  rated? 


7.  How  many  terminals  does  a  double-pole  switch  have? 


8.  Knife-blade  switches  equipped  with  three  blades  must 
open  how  many  conductor(s)  and  in  what  order? 


9.  How  must  a  circuit  breaker  used  as  a  switch  for  a  120- 
volt,  fluorescent  light  circuit  be  marked? 


10.  A  circuit  breaker  used  as  a  switch  for  a  120-volt, 
fluorescent  light  circuit  should  be  mounted,  in  its 
highest  position,  so  that  the  handle  is  mounted  no  more 
than  how  many  feet  above  the  floor? 
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Figure  3-27.  Attachment  plug. 


229.  State  the  function  of  a  receptacle,  and  identify 
various  types  by  their  design  charact2ristics. 

Receptacles.  A  receptacle  is  a  device,  with  a  set  of 
contacts,  installed  in  an  outlet  box  for  the  connection  of  an 
attachment  plug.  It  is  commonly  called  an  outlet  or  a 
receptacle  outlet.  An  attachment  plug  (fig.  3-27)  is  a  device 
with  blades  or  prongs  used  to  join  the  wires  of  an  appliance 
cord  to  the  wires  of  the  electrical  system  at  the  outlet  box. 
The  receptacle  and  attachment  plug  often  are  referred  to  as 
the  female  receptacle  and  the  male  plug. 

Receptacle  outlets  are  used  to  make  it  easy  to  connect 
and  disconnect  portable  appliances,  tools,  and  other 
electrical  devices.  They  are  made  in  many  types  and  sizes, 
from  the  120-volt,  three-wire  type  used  in  the  home,  to  the 
three-phase,  600- volt,  four- wire  type  used  for  special 
applications.  The  most  common  one  is  the  duplex  type 
used  in  your  home.  It  has  two  120-volt,  15-ampere,  three- 
wire  receptacles,  as  shown  in  figure  3-28.  It  is  wired  with  a 
hot  wire  and  a  neutral  wire  that  feed  power  to  both 
receptacles.  A  third  wire  is  used  to  ground  equipment  that  is 
connected  with  a  plug.  Until  a  few  years  ago,  t^y  ■  wire 
receptacles  were  allowed  by  the  NEC.  Now,  they  are 
allowed  only  in  homes  built  before  the  change  in  the  NEC. 
If  »hese  receptacles  need  to  be  changed,  they  must  be 


replaced  with  three-wire,  grounded  types,  and  an 
equipment  ground  must  be  run.  In  all  new  work,  you  must 
use  the  three-wire  type.  (NOTE:  The  slots  of  the  receptacle 
shown  in  figure  3-28  are  side  by  side  or  parallel.  This  slot 
arrangement  is  used  for  120-volt  outlets  only.  A  single 
receptacle  with  the  same  slot  arrangement,  is  used  in  place 
of  a  duplex  where  only  one  piece  of  equipment  is  connected 
to  a  dedicated  circuit,  like  the  laundry  receptacle. 

There  are  several  other  types  of  receptacles  used 
frequently  in  the  home  to  connect  fixed  or  stationary 
app'^ances.  The  receptacle  shown  in  figure  3-29  is  used 
quite  often  for  connecting  240-volt,  window-type  air 
conditioners.  The  slot  arrangement  for  this  receptacle  is 
called  a  tandem  and  is  used  for  single-phase,  three-wire 
outlets  rated  for  208/240  volts  and  20  amperes.  It  is  also 
available  as  a  duplex,  but  is  more  commonly  used  as  a 
single  receptacle  installed  to  feed  one  piece  of  equipment. 

Another  type  of  receptacle  used  in  the  home  for 
connecting  clothes  dryers  is  shown  in  figure  3-30.  This  type 
is  called  a  crow's  foot  and  is  a  single-phase,  three-wire 
outlet  rated  at  125/250  volts.  30  amperes.  This  receptacle  is 
wired  with  two  hot  wires  and  one  grounded  wire.  The  NEC 
allows  this  receptacle  to  be  used  without  an  equipment 
ground  if  the  grounded  wire  (neutral),  in  the  appliance  cord, 
is  No.  10  AWG  or  larger  and  is  bonded  to  the  frame  of  the 
appliance.  The  receptacle  used  for  an  electric  range  has 
almost  the  same  slot  configuration  as  the  one  used  for  the 
dryer.  See  figure  3-31.  The  main  difference  is  in  the  slot 
used  for  the  neutral  (white  wire)  The  range  type  has  a 
straight  slot  and  the  dry^r  type  has  an  L-shaped  slot.  The 
range  receptacle  is  wired  the  same  way  as  the  dryer 
receptacle  but  is  rated  at  50  amperes  instead  of  30  amperes. 
As  you  can  see,  both  of  these  receptacles  are  single  units. 
They  are  not  made  as  duplexes  and  they  must  be  protected 
(by  circuit  breaker  or  fuse)  and  wired  on  separate  circuits. 
Although  these  receptacles  have  been  described  as  dryer 
and  range  outlets,  they  are  in  no  way  limited  to  use  as 
receptacles  for  these  appliances.  Remember,  each 
receptacle  is  rated  in  volts  and  amperes  and  must  be 
selected  according  to  the  rating  of  the  equipment  to  be 
served. 

The  last  receptacle  we  will  discuss  is  rhe  heavy-duty, 
industrial  type.  Figure  3-32  depicts  a  3<J)-480V,  5-wire 
receptacle,  and  male  plug  rated  at  100  amperes.  Part  C  of  the 
figure  is  the  male  plug  and  female  receptacle  connected, 
and  mounted  to  an  adapter  ring.  The  adapter  ring  is 
providing  a  firm  foundation  and  attached  to  the 
weatherproof  conduit  box. 

Part  A  is  the  receptacle,  mounted  in  ^  hard  plastic  case. 
The  case  has  ?  spring-lcaa?!f^.  weatherproof  cover  that  snaps 
closed  when  th.  male  plug  js  removed.  Some  manufacturers 
use  a  screw  on  cover  similar  to  the  lid  on  a  fruit  jar.  The 
receptacle  has  five  slots  or  holes.  The  center  hole  is  the 
equipment  ground.  Three  of  the  outer  holes  are  phases  and 
the  fourth  is  reserved  for  a  control  conductor. 
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Figure  3-28.  I20-volt.  three-wire,  duplex  receptacle. 
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Figure  3-29.  T.irec-wire,  tandem  slot  receptacle. 


Part  B,  the  attachment  plug  is  also  mounted  in  a  hard 
plastic  case.  It  has  grooves  on  the  outside  of  the  case  and 
must  be  aligned  lo  the  receptacle  in  only  one  specific 
position  before  the  grooves  allow  the  plug  to  enter  the 
receptacle.  The  center  pin  is  longer  than  the  four  other  pins 
and  makes  contact  with  the  receptacle's  equipment  ground 
slot  be.fore  the  other  pins  make  contact  with  their  respective 
slots.  This  IS  a  safety  precaution.  The  tang  on  the  plug  and 
cover  clip  under  the  receptacles  thumb  latch  and  provide  a 
locking  device. 

Part  the  adapter  ring,  can  be  removed  and  mounted  to 
almost  any  surface,  such  as  a  motor-starter  cabinet,  safety 
switch,  or  circuit  breaker  panel . 

The  industrial  receptacle  and  plug  is  a  special  order  item. 
Always  specify  the  voltage,  amperage,  and  number  of 
contact  pins  required.  Replacement  parts  should  be  ordered 
by  part  number  from  the  original  equipment. 

Always  use  extreme  caution  when  servicing  or  replacing 
these  receptacles.  The  higher  voltage  and  amperes 
encountered  can  be  very  dangerous. 
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Figure  3-30.  30-ampcre.  crow's  tooi  cccepucle. 


SLOT  ARRANGEMENT 


Figuie  3-31 .  50-ampere.  crow's  foot  recepucle. 
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Figure  3-32.  Industrial  outlet  and  plug. 
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Exercises  (229): 

I .  What  is  the  function  of  a  receptacle? 


2.  What  is  the  device  called  that  is  usca  to  complete  the 
connection  between  the  receptacle  and  the  equipment 
being  served  with  power? 


3.  What  precautions  should  you  take  when  ordering  a 
heavy-duty  receptacle? 


4.  Match  the  receptacle  in  column  B  with  the  appropriate 
description  in  column  A  by  placing  the  correct  letter  in 
the  blank  provided. 


Column  A 

.(1)  Used  frequently  for 

window  air 

conditioners. 
.(2)  Crowds  foot,  straight 

i\o\,  used  for  ranges. 
-i3)  Crow's  foot,  L-sIot, 

used  for  dryers. 
.(4)  Parallel  slot,  wired 

with   an  equipment 

ground. 
.(5)  Grooved    case  for 

alignment. 
.  (6)  Special  order  item. 


Column  B 

a.  ICO-volt,  three-wire 
duplex. 

b.  208/240.volt.  20-ampere 
receptacle. 

c.  125/250- volt.  30-ampcre 
receptacle. 

d.  125/250-volt.  50-ampere 
receptacle. 

e.  220/440-volt  3-phase 
receptacle. 
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Figure  3-33.  Ltght-flxturecIasstncaCion. 


3-5.  Lighting  Fixtures 

One  of  the  most  important  uses  of  electricity  is  for 
lighting.  As  an  electrician,  you  will  be  called  on  many 
times  to  install  or  repair  light  fixtures.  In  order  tor  you  to  do 
the  work  required,  you  must  know  something  about  how 
light  fixtures  are  classified  and  the  basic  types  of  lighting 
used. 

230.  List  the  classifications  of  light  fixtures,  and  identify 
the  light  distributing  characteristic  of  each  selected 
classification. 

Fixture  Classification.  Light  fixtures,  no  matter  which 
type  of  light  source  is  used,  are  classified  according  to  the. 
way  they  distribute  the  light.  Some  fixtures  are  equipped 
with  reflectors  or  shades  to  direct  light  downward  or 
upward.  Others  are  equipped  with  globes  to  direct  light  in 
all  directions.  Fixture  classification  is  determined  by  an 
imaginary  horizontal  line  at  the  level  of  the  light  source. 
The  amount  of  light  directed  aoove  and  below  tb'^ 
imaginary  line  determines  the  classification.  There  are  five 
general  classifications:  direct,  semidirect,  general 
diffusing,  semi-indirect,  and  indirect.  These  are  shown  in 
figure  3*33. 

Direct.  A  direct-lighting  fixture  may  direct  90  to  100 
percent  of  the  light  below  the  horizontal  line  or  toward  the 
work  area  as  shown  in  figure  3-33, A.  It  may  be  hung  from 
or  mounted  to  the  ceiling,  or  recessed  so  that  it  is  flush  with 
the  ceiling.  A  fixture  of  this  type  is  most  effective  when 
used  in  a  narrow  bay  or  hall  where  the  reflector  is  mounted 
at  a  height  equal  to  or  greater  than  the  width  of  the  area  to 
be  lighted'.  Because  of  the  light  distribution,  this  type  of 
fixture  directs  most  of  the  light  to  the  work  area  without 
much  loss  on  the  walls  and  windows.  Although  direct 
lighting  provides  good  light  on  working  surfaces,  it  may  be 
at  the  expense  of  other  factors,  such  as  too  much  contrast  of 
the  light  source  with  the  surroundings,  bad  shadows,  or 
glare. 

Semidirect.  A  semidirei:t  fixture  (fig.  5-33, B)  is  one  that 
distributes  from  60  to  'X)  percent  of  its  light  omput 
downward.  The  remaining:  light  is  directed  upward  above 
the  horizontal  line.  A  semidirect  fixture  mav  be  suspended 
or  mounted  on  a  ceiling:  it  may  have,  tine  light  source 
exposed,  concealed  behind  a  diffusing  medium  made  of 
glass  or  plastic,  or  behind  a  louver.  Although  these  units  are 
essentially  direct  lighting  in  the  quali-ty  of  light  produced, 
some  added  indirect  light  is  obtained  '\\'ih\i  ceiling  is  light  in 
color.  The  upper  light  contributes  to  comfort  and  good 
appearance  by  brightening  a  light-colored  ceiling  and 
reducing  sharp  contrasts  between  the  unit  and  its 
background. 

General  dijfusing.  A  general  diffusing  fixture  distributes 
from  40  to  60  percent  of  its  light  upward  above  the 
horizontal  line,  as  shown  in  figure  3-33, C.  It  can  be 
suspended  or  mounted  on  a  wrM.  ^^i^^ng,  or  pedestal.  Its 
light  source  is  concealed  in  a  d'  ..^dium.  One  widely 

used  unit  is  the  glass-inclosirr^  e  for  use  with  filament 
lamps.  This  type  is  simple,  relatively  low  in  cost,  and 
produces  good  light  on  vertical  surfaces.  Where  greater 
illumination  is  desired  from  existing  fixtures,  the  next 
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Figure  3-34.  Lamp  bases. 


higher  wattage  lamps  sometimes  may  be  installed.  If  the 
globes  become  uncomfortably  bright,  large-diameier  globes 
should  then  be  used. 

Semi-indirect.  A  semi-indirect  fixture  distributes  from 
60  to  90  percent  of  its  light  above  the  horizontal  line  and 
from  10  to  40  percent  of  its  light  below,  as  shown  in  figure 
3-33, D.  The  light  source  is  concealed  from  view  below  the 
horizontal  line  by  a  diffusing  medium.,  usually  glass  or 
plastic.  Because  the  ceiling  is  an  important  part  of  this 
lighting  system,  it  must  be  white  (or  nearly  white)  and  well 
maintained.  Fixtures  of  this  class  are  available  either 
completely  inclosed,  open  top,  or  open  bottom.  The  latter 
two  types  simplify  maintenance. 

Indirect.  Indirect-lighting  fixtures  (fig.  3-33,E) 
distribute  from  90  to  100  percent  of  their  light  output 
upward  above  the  horizontal  line.  They  may  be  suspended 
or  mounted  on  the  wall  or  a  pedestal.  The  light  source  is 
concealed  from  view  below  the  horizontal  line.  Indirect- 
lighting  fixtures  direct  practically  all  their  light  to  the 
ceiling  and  upper  side  walls  so  that  the  entire  ceiling 
becomes  the  light  source. 


Exercises  (230): 

1 .  How  are  light  fixtures  classified? 

2.  What  are  the  light  fixture  classifications? 


6.  Which  light  fixture  uses  the  entire  ceiling  as  a  light 
source? 


3.  What  percent  of  light  is  directed  above  the  horizontal 
in  the  semi-direct  classification? 


4.  What  percent  of  light  is  directed  below  the  horizontal 
in  the  semi-indirect  classification? 


5.  In  which  light  fixture  classification  is  the  light  source 
concealed  from  view  below  the  horizontal? 


231 .  Identify  characteristics 
fluorescent  lighting. 


of   incandescent  and 


Types  of  Light.  There  are  three  types  of  lighting: 
incandescent,  fluorescent,  and  high  intensity  discharge 
lamps.  These  are  discussed  below. 

Incandescent  lighting.  The  term  "incandescent"  means 
glowing  or  white  with  heat.  Thus,  the  light  given  oft  by  an 
incandescent  lamp  (common  light  blub)  is  the  result  of 
current  flow  through  the  lamp  tllament.  The  current  heats 
the  filament  to  a  white-hot  condition.  While  the  filament  is 
in  this  state,  it  emits  light.  Although  there  are  more  efficient 
electric  light  sources,  the  incandescent  lamp  is  not  obsolete. 
It  is  often  preferred  for  many  uses  because  of  its  economy, 
flexibility,  ease  of  maintenance,  and  convenience. 
Incandescent  lamps  are  easy  to  get,  easy  to  replace  and 
clean,  and  small  in  si/e.  They  require  no  auxiliary 
equipment  as  do  other  types  of  lamps.  Where  accurate 
control  of  light  distribution  or  a  beam  is  required,  the 
incandescent  lamp  is  most  useful.  There  are,  however, 
some  disadvantages  to  incandescent  lighting.  It  is  too  rich 
in  red  and  yellow  light  rays,  which  changes  the  appearance 
of  some  colors.  It  is  less  efficient  than  other  types  of 
electric  lighting  because  some  of  the  wattage  is  wasted  as 
heat. 

In  order  to  use  incandescent  lamps,  you  must  have  some 
type  of  lampholder  or  socket.  Most  sockets  are  mounted  in 
plastic,  porcelain,  or  a  similar  material  so  that  they  can  be 
installed  in  a  light  fixture.  The  light  fixture  is  then  mounted 
on  the  ceiling  or  wall  and  controlled  by  a  switch  in  the  wall. 
Lampholders  used  in  table  or  floor  fixtures  usuall)  have 
their  own  switch. 

Incandescent  light  sockets  are  classified  according  to  the 
size  of  lamp  ba.se  they  will  accommodate.  Lamps  aic  made 
in  a  variety  of  sizes  e  nd  wattage  ratings.  In  most  cases,  the 
larger  the  wattage  rating,  the  larger  the  lamp.  This  is  also 
true  of  the  base.  There  are  four  base  sizes  used  for 
incandescent  lamps,  as  shown  in  figure  3-34.  Although 
there  are  other  types  most  lamp  bases  are  the  screw  type 
that  allows  the  base  to  be  threaded  into  the  socket. 

Mogul  socket.  The  mogul  socket  is  the  largest  size  in 
use.  It  accommodates  incandescent  lamps  rated  from  300 
through  1500  watts.  The  maximum  voltage  rating  for  these 
sockets  is  600  volts.  Mogul  sockets  are  u.*;ed  where  lighting 
is  required  in  high  bay  areas  (hangars,  shops).  They  are  aLo 
used  in  flood-lighting  and  street-lighting  systems.  Mogul 
sockets  generally  are  made  of  porcelain  to  withstand  the 
great  amounts  of  heat  generated  by  the  high-wattage  lamps. 

Medium  socket.  This  is  the  most  common  lamp  socket 
used  in  general  lighting  systems.  It  accommodates  lamps 
rated  from  10  through  300  watts.  The  maximum  voltage 
rating  for  the  medium  socket  is  250  volts.  The  sockets  are 
made  of  plastic,  porcelain,  and  brass.  They  may  be 
designed  for  mounting  on  a  wall  or  a  ceiling,  or  hung  by 
cord. 


EKLC 


79 


289 


Candelabra  and  intermediate  sockets.  These  are  the 
smallest  screw-type  sockets  in  general  use.  They  are  used 
mainly  on  panelboards  and  other  equipment  to  illuminate 
dials  and  gages.  They  are  used  also  for  ornamental  lighcing. 
A  string  of  common  Christmas-tree  lights  is  a  good  example 
of  lighting  with  candelabra  sockets.  A  candelabra-base 
lamp  is  a  low-wattage  lamp.  The  maximum  wattage  rating 
is  75  watts,  while  the  maximum  voltage  is  125  volts.  The 
intermediate-base  lamp  is  a  little  larger,  with  a  maximum 
voltage  rating  of  250  volts.  Both  the  candelabra  and  the 
intermediate  sockets  are  made  in  either  plastic  or  porcelain. 
The  development  of  the  fluorescent  light  has  provided  a 
method  of  lighting  that  gives  a  high  rate  of  efficiency  per 
watt  of  electricity  used.  A  fluorescent  light  gives  two  to 
three  times  as  much  light  as  an  incandescent  light  of  the 
same  wattage.  Since  a  fluorescent  light  uses  less  wattage,  it 
produces  less  heat.  This  is  an  important  factor  to  consider 
where  air  conditioning  is  used. 

There  are  three  basic  types  of  fluorescent  lights:  the 
preheat  (hot  cathode),  the  rapid  start,  and  the  instant  start 
^cold  cathode).  Each  type  has  some  equipment  common  to 
all  types  but  they  may  vary  slightly  in  operation.  The 
common  parts  are  the  lamp  or  tube,  the  ballast,  and  the 
lampholder.  The  fluorescent  lamp  is  an  electronic  device 
that  operates  basically  the  same  way  regardless  of  the  type 
of  ballast  or  lampholder  used.  It  is  made  up  of  a  long. 


straight,  or  circular  glass  tube  that  contains  a  drop  of 
mercury  and  a  small  amount  of  argon  gas.  Electrodes  are 
sealed  into  the  lamp  at  each  end.  Both  electrodes  are  made 
so  that  they  can  act  as  cathodes  (emitters  of  electrons). 
Figure  3-35  shows  a  cutaway  of  the  fluorescent  lamp.  The 
lamp  conducts  in  both  directions  for  alternating  current 
flow.  The  inside  surface  of  the  tube  is  coaled  with  a 
fluorescent  chemical  The  chemical  used  determines  the 
color  of  the  light. 

Preheat  startin^^.  The  preheat  start  fluorescent  light 
fixture  requires  an  additional  piece  of  equipment,  not 
required  by  the  other  types,  called  a  starter.  The  main 
purpose  of  the  starter  is  to  provide  a  path  for  current  flow 
through  the  lamp  electrodes  until  the  argon  gas  inside  the 
lamp  reaches  a  conducting  slate.  After  an  arc  is  struck  from 
electrode  to  electrode  and  the  lamp  lights  up,  a  switch  in  the 
starter  opens  and  the  starter  is  no  longer  in  the  lamp  circuit. 
The  ballast  performs  a  twofold  purpose.  First,  it  provides  a 
high  induced  voltage  to  strike  an  arc  through  the  lube. 
Second,  it  stabilizes  the  operating  current  of  the  circuit. 

When  a  fluorescent  lamp  reaches  the  end  of  its  life 
through  deactivation  of  the  cathodes,  the  starter  continues 
to  try  to  start  the  lamp  each  time  the  arc  fails.  The  result  is  a 
more  or  less  continuous  preheating  of  the  cathodes.  Since 
the  preheating  current  is  more  than  the  operating  current, 
there  is  an  increase  in  ballast  heating.  If  lamps  are  not 


Figure  3-36.  Rapid  stan  circuit. 


turned  off  or  removed  promptly,  the  resulting  temperature 
rise  may  cause  damage  to  the  ballast  and  may  ruin  the 
starter.  To  prevent  this,  cutout  or  no-blink  starters  are  used. 
These  have  a  thermal  strip  that  opens  the  starting  circuit 
after  a  limited  number  of  attempts  to  start  the  lamp.  Some 
of  these  cutout  arrangements  are  automatic  in  resetting,  but 
others  require  manual  rcclosing.  Refer  to  figure  3-35  again 
for  the  cutout  or  no-blink  starter. 

The  electric  discharge  of  a  ballast  vaporizes  the  mercury 
in  the  tube  to  produce  ultraviolet  rays  that  activate  the 
fluorescent  chemicals  on  the  inside  of  the  tube.  This 
activation  causes  the  chemical  coating  to  glow,  thereby 
producing  light. 

Instam  starting.  Hot-cathode  starting  is  called  preheat 
starting,  while  cold-cathode  starting  is  called  instant 
starting.  With  the  cold  cathode,  the  lamp  lights 
instantaneously  upon  closing  of  the  lamp  circuit.  The 
preheat  start  lamps  are  made  with  bipin  bases  at  each  end. 
The  instant-start  lamps  are  made  with  either  bipin  or 
single-pin  bases  at  each  end;  in  cither  case,  ihv  filament  of 
instant-start  lamps  is  short  circuited  the  base.  The  reason 
for  making  some  of  the  instant-start  lamps  with  bipin  bases 
is  so  they  may  be  used  in  conventional  bipin  lampholders 
that  are  equipped  with  an  instant-start  ballast. 

The  cold-cathode,  or  instant-start,  fluorescent  circuit 
contains  a  ballast  but  no  starter.  The  ball:ist  supplies  a  high 
voltage  across  the  filaments  of  the  lamp  when  the  circuit 
switch  is  closed.  This  high  voltage  instantly  vaporizes  the 
mercury  \u  the  lamp.  At  the  same  time,  an  arc  is  struck 
through  the  conductive  mercury  and  argon,  thus  completing 
the  circuit  between  the  lamp  filaments.  This  causes  the 
lamp  to  glow.  The  ballast  then  regulates  the  voltage  for 
normal  operation. 

Rapid  starting.  The  most  common  fluorescent  fixture 
used  is  the  rapid  start.  The  starting  means  for  the  rapid-start 
system  is  built  into  the  ballast.  Part  of  the  ballast  is  is  tapped 
to  provide  low  voltage  to  heat  the  lamp  electrodes.  (See 
fig.  3-36).  The  heating  will  cauie  ionization  of  the  gas  in 
the  tube  and  allow  an  arc  to  strike  across  the  lamp.  The  high 
voltage  needed  to  help  strike  the  arc  comes  from  the  main 
winding  of  the  ballast.  The  fast  and  continuous  heating  of 
the  electrodes  reduces  the  amount  of  voltage  needed  to 
strike  the  ai-:  so  that  the  size  of  the  ballast  can  be  made 
smaller.  The  rapid  start  light  will  start  more  quickly  than 


the  preheat  light,  usually  within  1  or  2  seconds.  Like  the 
preheat  lamps,  rapid-start  lamps  use  the  bipin  base.  For  this 
rcasor,  they  arc  interchangeable  with  the  preheat  lamps. 

Exercises  (231): 

I .  What  type  of  lamp  is  preferred  because  of  its  economy 
and  ease  of  maintenance? 


2.  What  type  of  lamp  is  disadvantaged  because  it  gives 
off  excessive  red  and  yellow  light  rays? 


3.  What  socket  will  accept  a  1000-watt  incandescent 
lamp  on  277  volts? 


4.  Which  size  of  incandescent  lamp  socket  is  made  of 
several  materials  including  brass? 


5.  What  type  of  incandescent  lamp  socket  is  normally 
associated  with  ornamental  lighting? 


6.  What  size  of  incandescent  lamp  is  required  to  produce 
the  same  amount  of  light  as  a  40  watt  fluorescent  tube? 


7.  What  is  the  basic  principle  of  operal.on  for  any 
fluorescent  tube  when  the  ballast  is  energized? 
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232.  Compare  high  intensity  discharge  lighting  with 
incandescent  and  fluorescent  lighting,  and  identify  their 
design  characteristics  and  applications. 


High  intensity  discharge  (HID)  lighting.  Efforts  to 
improve  the  power  efficiency  and  reduce  the  maintenance 
costs  led  to  the  development  of  a  new  family  of  lighting 
generally  categorized  as  the  electric  discharge  lamps.  These 
lamps  all  have  a  negative  resistance  characteristic.  This 
means  that  the  resistance  decreases  as  the  lamp  heats  up. 
This  normally  would  cause  the  current  flow  to  increase. 
Lamps  of  this  type  must  be  equipped  with  a  current  limiting 
device  callt/'  ^  *  Lamp  life  and  more  light  per  watt 

are  the  two  n.  ,  antages  that  electric-discharge  lamps 
have  over  incande:>uent  bulbs.  The  basic  types  of  electric- 
discharge  lamps  used  in  area  lighting  are  vapor  lamps,  and 
metal  halide.  Figure  3-37  shows  the  basic  configuration  of 
vapor  and  metal  halide  bulbs.  In  these  lamps,  a  material, 
such  as  soaium,  mercury  or  metal  halides  of  thallium, 
sodium,  or  indium,  in  addition  to  mercury,  is  added  to  the 
arc  tube.  In  design,  the  lamp  has  three  electrodes  with  one 
electrode  being  used  only  for  starting.  This  starting 
electrode  is  connected  to  the  bottom  main  electrode.  The 
arc  tube  contains  a  small  amount  of  pure  argon  gas  to  aid  in 
starting.  Free  electrons  are  accelerated  by  the  starting 
voltage.  In  this  state  of  acceleration,  these  electrons  strike 
atoms  and  displace  other  electrons  from  their  normal  atomic 


positions.  Depending  on  the  gas  involved,  radiations  of  a 
specific  wavelength  result  when  the  electrons  return  to  their 
norma]  atomic  position.  Once  the  discharge  begins,  the 
inclosed  arc  becomes  the  light  source.  One  main  electrode 
becomes  the  anode,  and  the  opposite  electrode  becomes  the 
cathode.  These  functions  will  change  with  the  polarity 
change.  This  function  accounts  for  the  stroboscopic  effect 
that  all  HID  lights  exhibit.  The  addition  of  the  metal  halides 
to  the  arc  tube  results  in  a  bulb  with  a  50-percent  higher 
efficiency  and  better  color  quality  over  the  mercury  arc 
bulb.  The  latest  development  in  HID  lamps  resulted  from 
the  invention  of  a  means  of  effectively  sealing  metal  ends 
and  electrodes  to  a  tube  of  special  ceramic  material  in  a 
combination  that  can  withstand  the  temperatures  and 
corrosive  situation  produced  by  the  hot,  alkaline  metal 
vapors  used  in  the  tube.  The  arc  produced  in  this  lamp  is 
mostly  metallic  sodium.  <         has  been  used  in  the 

past,  the  color  of  Vv..:  ,d  has  bezn  its  main 

drawback.  The  new  hi^i*  tj^are  sodium  light  is  smaller 
and  has  a  better  color.  This  light  has  the  highest  light- 
producing  efficiency  of  any  white  light  source  that  is 
produced  commercially. 

Commercial  companies  that  produce  these  light  bulbs 
claim  a  100-percent  increase  in  lamp  life  over  incandescent 
bulbs  that  will  produce  the  same  amount  of  light.  The 
power  in  watts  required  to  operate  HID  lights  compared  to 
filament  lamps  is  less  than  one-half.  The  initial  cost  of  the 
components  for  HID  lights  is  greater  because  these  lights 
will  require  ballasts;  however,  this  cost  will  be  made  up  by 
the  savings  of  energy  costs. 
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Figure  3-37.  Vapor  and  metal  halide  bulb  configuration. 
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Figure  3-38.  Schematic  of  vapor  lamp  and  transformer  connections. 


Most  HID  fixtures  are  supplied  with  the  required  ballast 
installed  in  the  fixture.  In  some  cases,  ballasts,  usually 
called  current-limiting  transformers,  are  externally 
installed.  Figure  3-38  shows  schematics  of  mercury-vapor 
lamps  and  transformer  connections. 

Lamps.  HID  lighting  systems  are  being  used  more  and 
more  by  the  Air  Force  for  two  reasons:  longer  bulb  life  and 
greater  energy  efficiency.  Longer  bulb  life  results  in  lower 
maintenance  (relamping)  costs.  Greater  energy  efficiency, 
simply  stated,  means  more  light  (lumens)  per  watt  of 
energy.  As  a  comparison  between  incandescent  bulbs  and 
HID  bulbs,  an  incandescent  bulb  that  consumes  575  watts 
provides  10,000  lumens  and  has  a  lifespan  of  1200  hours 
while  a  metal  halide  lamp  at  400  watts  provides  32,000 
lumens  and  has  a  .  lamp  life  of  10,500  hours.  A  high- 
pressure  sodium  HID  bulb  of  400  watts  consumption 
provides  42,000  lumens  with  a  life  of  6000  hours.  As  you 
can  see  from  these  examples,  the  HID  lamps  far  surpass  the 
older  incandescent  lamps  in  light  bulb  life  and  efficiency. 
The  economic  life  of  the  HID  bulbs  range  from  6000  to 
20,000  hours.  Lamp  temperatures  should  be  maintained 
below  210°  F  at  the  base  and  should  not  exceed  400°  F  outer 
bulb  temperature.  Specific  voltages  are  required  for  these 
lamps  and  should  not  vary  more  than  5  percent  above  or 
below  this  specified  rating.  Low  voltages  will  cause  the 
lamps  to  go  out.  Normally  they  will  not  restart  until  the 
internal  vapor  pressure  is  reduced  to  a  point  where  the  arc 
can  be  restarted.  This  time  may  vary  from  4  to  8  minutes. 
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The  existing  conditions  will  govern  this  time.  Where 
extremely  cold  conditions  exist,  such  as  street-light  or 
flood-light  systems  in  winter  temperatures,  specially 
designed  ballasts  (transformers)  are  installed  to  provide  a 
higher  open-circuit  voltage  to  aid  in  starting  the  lamps. 

As  a  general  rule,  mercury  HID  lamps  are  used  for  street 
and  highway  or  high  bay  lighting  of  large  installations. 
Metal  halide  and  high-pressure  sodium  lamps  are  used 
where  color  rendering  quality  of  light  is  important,  such  as 
street  lighting,  floor  lighting,  and  recreational  lighting. 

It  should  be  remembered  that  all  HID  lights  produce  a 
stroboscopic  effect  and,  when  possible,  adjacent  lamps 
should  be  powered  from  different  phases  to  reduce  the 
results  of  this  effect. 

Fixtures,  Each  manufacturer  of  HID  lighting  system 
provides  a  wide  variety  of  fixtures  to  meet  all  lighting 
configurations.  Various  styles  and  mountings  are  available 
to  fit  any  decor  or  situation. 

Most  fixtures  will  have  provisions  for  mounting  ballasts 
(transformers)  within  the  fixture  and  will  provide  protection 
for  the  ballast.  In  some  cases,  particularly  in  high  bay 
lighting,  the  ballasts  may  be  mounted  at  some  c-ntral 
location  and  not  mounted  in  the  fixture.  A  portion  of  the 
HID  lamps  are  manufactured  with  the  ballast  buiu  into  the 
lamp  envelope.  They  can  be  interchanged  with 
incandescent  lamps  using  mogul  sockets  and  proper 
voltage. 

The  location  and  job  determine  whether  the  future  is 
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suspended,  bracket  mounted,  or  arm  mounted.  Most 
brackds  can  be  attached  either  to  wood  or  metal  support 
structures.  In  eilher  case,  the  fixture  should  be  attached 
firmly  to  the  structure  so  that  precise  aiming  for  light 
di>tribution  can  be  made . 

Another  factor  to  be  considered  when  ordering  fixtures  is 
the  type  (diffused  or  bright)  of  lighting  that  is  desired, 
F-ixtures  will  also  be  designed  for  bulb  position,  installation 
(base  up  or  base  down),  and  adequate  cooling  of  the  bulb. 
High-prcssure  sodium  and  metal  halide  bulbs  are  screw- 
based  (Edison)  and  of  the  mogul  size.  Make  sure  that  the 
lamp  base  and  the  fixture  base  are  compatible  when 
ordering.  » 

Power  nistrihiiiian.  If  a  system  is  simply  being 
upgraded  by  changing  incandescents  for  HID  lamps,  the 
present  wiring  is  most  likely  adequate  to  handle  the  change 
since  the  HID  lamp  requires  less  power  than  the  older 
incandescent  system.  Either  a  series  or  a  multiple-wiring 
parallel  system  may  be  used.  In  some  cases,  isolating 
transformers  are  ui.ed  in  conjunction  with  the  lighting 
fixture  on  a  series  system. 

WARNING!  Ail  HID  lighting  should  be  considered 
high-voltage  equipment.  Always  match  your  lamps  to  the 
ballast  insialled-  Never  relamp  or  work  on  these  systems 
while  the  power  is  on. 


Exercises  (232): 
1 .  What  led  to  the  development  of  the  discharge  lamp? 


2.   Why  does  the  resistance  of  a  HID  lamp  decrease  as  the 
1*1  nip  heats  up? 


4.   What  causes  the  stroboscopic  effect  that  all  HID  lights 
exhibit? 


5.  If  an  incandescent  bulb  lasts  1200  hours,  how  long 
should  a  HID  lamp  of  the  same  wattage  last  under 
normal  conditions? 


6.   As  a  general  rule,  what  type  of  HID  lamp  would  be 
installed  in  an  aircraft  hangar? 


7.   What  type  of  lamp  should  be  installed  for  fioodlighting 
or  ballfield  lighting? 


8.   Explain  the  various  provisions  for  mounting  ballasts 
(transformers)  on  HID  lighting  systems. 


9.   What  factors  should  you  consider  when  ordering  HID 
lighting  fixtures? 


3.   What  are  the  main  advantages  that  HID  lamps  have 
over  incandescent  bulbs? 


10.   What  is  required  of  the  circuits  when  changing  an 
incandescent  system  to  a  HID  lighting  system? 
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CHAPTER  4 


Installation  of  Services  and  Distribution 

Panels 


ALMOST  ALL  of  us  depend  upon  electricity  to  do  many 
things.  It  provides  us  with  lights  for  seeing.  It  is  often  used 
to  cook  our  food,  warm  us  in  the  winter,  and  cool  us  in  the 
summer.  Electricity  powers  a  tremendous  variety  of 
'equipment  used  in  the  manufacture  of  industrial  products 
iVIps  us  to  do  a  great  number  of  tasks  quicker  and 
cu.wer.  Such  widespread  use  of  electricity  requires  the 
installation  of  many  facilities,  starting  with  the  generating 
unit.  Finally,  the  electric  system  must  be  installed  to  carry 
the  electricity  from  the  distribution  lines  into  the  industrial! 
facilities,  shops,  business  establishments,  schools,  and 
homes  where  it  can  be  used  conveniently  to  provide  us  with 
goods,  services,  food,  and  comfort. 

Before  continuing  this  discussion,  we  should  point  out 
that  the  information  in  this  volume  is  general  in  nature.  It  is 
based  on  recognized  procedures  and  on  the  National 
Electrical  Code,  However,  ii  does  not  cover  all  the 
conditions,  details,  requirements,  and  exceptions  written  in 
the  NEC.  For  example,  the  NEC  allows  a  number  of 
conductors  and  conductor  protection  combinations  to  be 
used  between  the  service  drop  and  the  building  interior. 
Only  two  of  these  methods  will  be  discussed  here.  Also,  the 
detailed  discussion  will  be  limited  to  the  installation  of  a 
three«wire,  single-phase  electrical  system.  You  should 
consult  the  NEC  for  guidance  on  specific  requirements. 

4-1.  Types  of  Electrical  Systems 

The  starting  point  for  interior  wiring  is  the  service 
entrance  that  is  connected  to  the  service  drop.  The  service 
entrance  is  made  up  of  several  components,  but  before  we 
get  into  the  specifics  concerning  it,  let's  take  a  quick  look  at 
the  wiring  systems  used  inside  buildings. 

23^  Identify  the  types  and  characteristics  of  electrical 
%iyf;tf.^u  sliitnble  for  Interior  wiring. 

•"^  :al  systems  ^stalled  inside  a  buildir.^ 
io^uy  by  the  use  of  the  building  and  the 
i>pc  1  electrical  equipment  that  is  to  be  operated. 
Generally  speaking,  electrical  loads  are  divided  into  three 
categories.  The  first  of  these  consists  mostly  of  lighting 
requirements  with  some  need  for  motor  operation.  The 
second  category  consists  of  a  fairly  heavy  lighting  load 
combined  with  a  moderate  requirement  for  power 
equipment.  The  third  class  consists  mostly  of  power 
equipment  with  a  relatively  small  lighting  load.  Under 
normal  conditions,  the  power  needed  to  meet  the  use 
requirements  will  be  provided  from  the  distribution  system. 


Two-Wire,  Single-Phase.  The  simplest  wiring  system 
is  a  two-wire,  single-phase  system,  which  is  used  in  small 
structures  where  the  main  need  is  for  lighting.  It  can  also  be 
used  to  operate  120-volt  appliances  and  motors.  A  two- 
wire  system  consists  of  one  insulated  conductor  and  one 
(grounded)  conductor,  as  shown  in  figure  4-1.  The 
ungrounded  or  hot  conductor  is  black  or  any  other  color 
except  white,  natural  gray,  or  green.  The  neutral 
(grounded)  conductor  is  white  or  natural  gray  in  color.  This 
system  is  limited  to  operation  of  120-volt  equipment  and 
relatively  light  loads  of  about  50  amperes  or  less.  Larger 
loads  require  the  use  of  larger  and  more  expensive 
conductors.  Such  loads  can  be  better  served  by  another  type 
of  system.  The  two  wire  system  requires  the  use  of  an 
equipment  grounding  conductor  that  may  be  a  separate 
conductor,  conduit,  or  other  recognized  means  of 
grounding. 

Three-Wire,  Single-Phase.  Another  wiring  system  is 
the  three-wire,  single-phase  system  used  for  both  lighting 
and  power.  This  system,  illustrated  in  figure  4-2,  uses  two 
ungrounded  conductors  and  a  neutral  conductor.  The 
neutral  conductor  is  grounded.  This  system  provides  120 
volts  between  each  ungrounded  conductor  and  the  neutral. 
It  also  provides  240  volts  between  the  two  ungrounded 
conductors.  Lighting  loads  and  120-volt  appliances  and 
motors  are  wired  between  either  of  the  ungrounded 
conductors  and  the  neutral.  Heavier  loads,  such  as  air- 
conditioners,  heating  equipment,  and  larger  powered 
equipment,  are  wired  between  the  ungrounded  conductors 
to  take  advantage  of  the  greater  efficiency  of  240-volt 
operation.  This  system  provides  up  to  twice  the  power  that 
is  available  from  a  two-wire  system  with  the  same  size 
conductors  if  the  load  is  balanced  between  the  two 
ungrounded  conductors.  It  is  the  most  common  system  used 
in  residences  today.  This  system  also  requires  the  use  of  an 
equipment    ^  unding  conductor. 

Three-r'Mwe,  Thre^-Wire.  A  second  type  of 'hree-wire 

stem  usee  ^hen  the  load  requirement  is  for  power.  This 
system,  shown  in  figure  4-3,  uses  three  ungrounded 
conductors  each  of  which  is  a  phase.  This  is  commonly 
referred  to  as  a  three-phase,  three-wire  system.  It  is  used  to 
furnish  power,  usually  240  volts,  to  installed  equipment.  If 
some  lighting  is  needed,  240-volt  fixtures  and  bulbs  can  be 
installed.  When  substantial  amounts  of  power  are  required, 
higher  voltages  such  as  480  or  600,  may  be  provided  with 
this  type  of  system. 

Three-Phase,  Four-Wire.  The  last  type  of  wiring 
system  in  common  use  is  the  three-phase,  four-wire  system. 
This  system  has  three  ungrounded  phase  conductors  plus  a 
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Figure  4-1 .  Two  wire,  single-phise  system. 
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Figure  4-2.  Three-wire,  single-phase  system. 
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Figure  4-3.  Three-phase,  three- wire  system. 
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Figure  4^.  Three-phase,  four-wire,  wye  system. 


grounded  neutral,  as  indicated  in  figure  4-4.  It  is  a 
combination  light  and  power  system  and  offers  quite  a  cost 
reduction  over  a  three-wire,  single-phase  system  for  the 
same  amount  of  power.  The  usual  voltages  are  120/208  or 
120/240,  depending  on  :he  typ>e  of  transformer  connections 
used.  A  wye  transformer  hookup  provides  208  volts  phase 
to  phase  and  120  volts  from  any  phase  to  neutral.  On  a  delta 
transformer  hookup,  240  volts  are  available  between 
phases.  The  neutral  is  attached  midway  of  one  of  the 
phases.  This  arrangement  provides  120  volts  between  two 
of  the  phase  conductors  and  the  neutral.  However,  the 
voltage  between  the  third  phase  conductor  and  the  neutral  is 
another  matter.  It  is  much  greater  than  120  volts — over  160, 
which  is  enough  to  damage  or  ruin  any  120- volt  equipment 
that  might  get  connected  between  the  third  phase  and  the 
neutral.  This  third  phase  is  referred  to  as  the  wild  leg  or 
stinger. 

NEC  230-56  requires  this  higher  phase  to  ground  Will  be 
marked  permanently  v  ith  tW  colo  on^^^t,  rh> 
r-quiremof  >  *\\>^-^g»i  >ut  ;  ent^t  wiring  >>  stem  vhen  the 
wilJ  U»o  .  r  he  jitn^  w closure  as  the  neutral  conductor. 

N'  -  o  .  i)  states,  "The  phase  arrangement  on  three- 
phase  busses  shall  be  A,  B,  C  from  front  to  back,  top  to 
bottom,  or  left  to  right,  as  viewed  from  the  front  of  the 
switchboard  or  panelboard.  Phase  B  shall  be  that  phase 
having  the  higher  voltage  to  ground  on  3<j),  4-wire  delta 
connected  system." 


Exercises  (233): 

1 .  List  the  general  categories  oi 
found  in  buildings. 


electrical  loads  that  are 


3.  What  type  of  wiring  system  is  needed  in  a  residence 
where  an  electric  range  and  dryer  will  be  installed? 


4.  A  pumphouse  is  being  wired  to  provide  power  for  three 
heavy  duty  pumps.  The  pumps  operate  unattended, 
starting  and  stopping  automatically.  What  type  of 
electrical  system  would  this  pumphouse  most  likely 
have? 


A  building  is  to  be  provided  with  el«^(;t*'»  aki  2>owe%  to 
operate  several  pieces  of  equipmeri*  4> i»d  i>>  ^08- 
volt  motors  ranging  \V\  size  from  f  norsepower. 

There  is  also  a  requirement  for.  a  *  amount  of 
lighting.  What  type  of  e'-  trical  system  is  needed  in 
this  building? 


A  building  is  provided  power  with  a  three-phase, 
four-wire  system  with  a  delta  transformer  hookup. 
Why  can  only  two  phase  conductors  be  used  to  provide 
power  for  the  lighting  system? 


7.  Explain  the  delta  wild  leg  requirements  in  regard  to 
color  coding  and  phase  relationship  op  '^anelboards. 


What  type  of  electrical  system  would  be  needed  to 
service  a  small  building  with  lights  only? 
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4-2.  Service  Drops  and  Entrances 

Vhc  service  entrance  begins  where  the  service  drop  ends. 
Before  we  gel  into  the  service  entrance,  let's  take  a  brief 
look  at  the  service  drop  and  ^ee  how  it  ties  in  with  the 
i'T\  ice  entrance. 

2.v4.  Specify  the  function  and  installation  requirements 
of  the  bask*  components  for  the  service  drop  and  service 
t'ulrance. 

Serviii-  Drop.  Ihe  service  drt)p  is  nv.tde  up  ot 
t  ^ndiiitor^  ibat  run  Ironi  the  distribution  system  to  the 
building  structure.  It  nia\  consist  of  two.  three,  or  tour 
wires,  as  discussed  in  the  preceding  objective.  The  service 
ihop  nia\  be  connecteil  directly  to  a  transformer  or  to  the 

a>iu!ar\  distribution  lines  to  which  the  transformer  is 
.ittaclicd'  it  the  transformer  furnishes  power  to  several 
buddings.  Ihe  service  drop  may  consist  of  individual 
conductors  strung  from  origin  to  termination  or  the 
conductors  may  be  twisted  into  a  multiconductor  cable  that 
may  use  a  carrier  cable  for  support.  Multiconductor  cables 
are'  attached  to  buildings  br  other  structures*  by  fittings 
approved  lor  the  purpose.  Individual  conductors  are 
attached  to  approved  fittings  or  to  porcelain  insulators 
firmlv  anchored  ti»  the  building  or  other  structure.  Quite 
often,  a  service  mast  (fig.  4-5)  is  used  to  anchor  the  service 
drop. 

The  NKC*  requires  that  building  attachment  points  for 
service  drop  conductors  provide  for  certain  minimum 
clearances.  The  service  drop  cannot  pass  closer  than  8  feet 
above  a  ilat  rooftop  or  less  than  3  feet  over  the  peak  of  a 
rnol  with  a  slope  of  less  than  4  inches  per  foot.  The 
attachment  point  must  not  be  less  than  10  feet  above  ground 
or  sidewalk  level,  or  less  than  15  feet  above  residential 
driveways  and  cornnicrcial  areas  such  as  parking  lots  and 
drive-in  esiablishmcr»ts  that  do  not  have  truck  traffic,  and 
tio  less  than  IS-foot  clearance  for  all  other  areas,  such  as 
public  streets,  alleys,  and  roads.  The  service  drop  cannot  be 
atlaLhed  less  than  10  feet  above  a  platform  or  closer  than  3 
feet  hori/.ontall>  to  a  window,  porch,  or  fire  escape. 
Conductors  attached  above  a  window  are  considered  out  of 
reach  of  the  window  and  do  nol  have  to  meet  a  distance 
requirement 

Service  Knlrancc.  The  service  entrance  serves  lo  bring 
power  fri»m  tlic  scrsicc  drop  to  a  panelboard  inside  the 
building.  Naturalh.  one  of  the  components  of  the  service 
mtrance  is  the  conductor  through  which  the  current  flows. 
'\v.>s  conductor  mav  consist  of  individual  wires  that  run 
through  a  piotectivt.*  raceway,  such  as  rigid  metal  conduit, 
electrical  metallic  tubing,  or  rigid  nonmetallic  conduit. 
Ihe  racewa\  provides  the  conductors  with  protection  from  . 
both  physical  and  weather  damage.  Power  may  also  be 
brought  inti>  a  buiUling  with  service  entrance  cable.  This 
cable  does  not  need  raceway  protection  unless  it  is  likely  to 
be  damaged  ph\sicall\  by  abrasion  or  from  being  struck  by 
passing  equipment 

A  service  head,  also  called  a  wcatherhead  (fig.  4-5),  is 
used  v/ith  a  race  way  to  provide  an  entrance  for  the 
conductors  miu^  the  raceway.  The  service  head  is  designed 
to  prevent  the  entrance  (>f  rain  into  the  raceway.  The 


WEATHERHEAD 


Figure  4-5.  Service  mast  and  service  entrance. 


conductor  holes  in  the  service  head  are  bushed  to  reduce 
abrasion  on  the  insulation.  A  service  head  can  be  used  on  a 
service  entrance  cable  or  the  service  entrance  cable  can  be 
formed  into  a  gooseneck  to  keep  rain  out.  When  a 
gooseneck  is  used,  the  gooseneck  is  taped  and  painted  or 
taped  with  a  self-sealing,  weather-resistant  therm  ic. 

Power  delivered  to  the  building  may  need  to  be  ni^  .surc 
to  determine  how  much  is  used.  When  this  is  necessary,  a 
meter  socket  is  installed  in  the  service  entrance  conductors 
so  that  a  wattmeter  may  be  included  to  record  power 
coi  option. 

liie  service  entrance  must  provide  a  means  of 
disconnecting  the  power  supply  from  the  interior  building 
circuits.  A  service  disconnect  or  main  switch  can  be  used  to 
turn  off  all  interior  power  in  case  of  a  fire  or  other 
emergency  condition.  It  is  also  useful  when  work  is  to  be 
performed  on  the  panelboard  or  work  is  done  on  several 
circuits  at  the  same  time.  Overcurrent  protective  devices  are 
required  for  the  service  conductors  in  conjunction  with  the 
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service  disconnects.  Several  types  of  service  disconnects 
are  permitted.  One  of  these  is  in  the  form  of  a  knife-blade 
switch  with  one,  two,  or  three  blades,  as  needed,  to  open 
the  ungrounded  conductors.  Another  type  of  disconnect  is 
installed  as  a  fuse  block.  The  fuse  block  contains  a  fuse  for 
each  ungrounded  conductor.  Removal  of  the  fuse  block  has 
the  same  effect  as  opening  a  switch  interrupt  current 
flow.  A  third  method  of  providing  for  service  disconnect 
and  overcurrent  protection  is  to  use  circuit  breakers.  These 
may  be  installed  as  a  multipole  assembly  with  a  single 
switch  handle.  It  is  also  ;  crmissible  to  use  up  to  six 
switches  or  circuit  breakers  as  a  disconnect.  Single-pole 
switches  or  circuit  breakers  installed  on  a  three-phase 
circuit  should  be  equipped  with  handle  ties  or  a  master 
handle.  The  ser\'ice  disconnect  must  be  marked 
permanently  to  identify  it  as  a  service  disconnecting  means. 
Power-  operated  service  disconnects  are  required  to  be 
designed  so  they  can  be  opened  manually. 

The  service  entrance  terminates  in  the  service  equipment 
or  in  a  panelboard.  The  panelboard  may  be  used  for  lighting 
and  power  branch  circuits,  or  it  may  be  used  as  a 
distribution  panel  for  feeder  circuits.  The  grounded 
conductor  is  not  normally  switched:  but,  when  it  is,  the 
switch  must  be  in  the  form  of  a  circuit  breaker  and  all  the 
ungrounded  conductors  must  open  simultaneously  with  the 
grounded  conductor.  Regardless  of  whether  it  is  switched, 
the  grounded  conductor  has  to  be  fixed  so  it  can  be 
disconnected.  A  terminal  or  bus  bar  to  which  all  grounded 
conductors  can  be  attached  by  means  of  pressure  connectors 
meets  this  requirement. 

The  service  entrance  must  be  grounded  to  a  low 
resistance  ground.  Normally,  a  pipe  in  the  water  system  is 
used  as  one  of  the  grounding  electrodes.  If  for  some  reason 
the  water  system  cannot  be  used,  the  metal  structure  of  the 
building  may  serve  the  purpose  or  meial  rods  may  be  driven 
into  or  buried  in  the  ground  as  a  grounding  electrode.  Once 
a  suitable  grounding  electrode  is  identified,  the  grounded  or 
neutral  conductor  must  be  attached  to  it.  The  grounding- 
electrode  conductor  is  msialled  as  a  continuous  conductor 
from  the  neutral  bus  bar  to  the  grounding  electrode.  Small 
grounding  conductors  are  inclosed  in  a  protective  metal 
covering  that  should  be  eleclrically  continuous  from  the 
panelboard  cabinet  to  the  grounding  electrode.  Metal 
raceways,  meter  sockets,  punelboard  cabinet's  and  the 
grounding  electrode  conductor  inclosure  must  all  be 
electrically  bonded  together  and  to  the  grounding  electrode 
conductor  so  as  to  be  electrically  continuous.  This 
arrangement  results  in  all  metal  parts  and  inclosures  in  the 
service  entrance  and  the  grounded  conductor  being  at  the 
same  potential  electrically. 

Exercises  (234): 


2.  What  is  the  minimum  clearance  above  the  ground  that 
the  service  drop  may  be  attached  to  a  building? 


3.  How  far  must  a  service  drop  cl^ar  an  alley? 


4.  When  a  service  drop  is  attached  to  the  side  of  a 
building,  how  far  must  it  be  away  from  the  side  of  a 
window? 


5.  What  components  make  up  the  service  entrance 
system? 


6.  What  is  the  purpose  of  th ;  service  entrance  system? 


7.  What  is  the  purpose  of  the  :  icev/ay  on  the  service 
entrance  system? 


8.  A  service  head  perforrhs  what  function  in  the  service- 
entrance  system? 


9.  How  can  water  be  kept  from  entering  a  service- 
entrance  cable  when  a  service  head  is  not  used? 


10.  How  can  the  amount  of  power  used  in  a  building  be 
determined? 


1 1 .  Describe  the  arrangement  and  purpose  of  the  service- 
entrance  disconnects. 


I.   List  the  main  parts  of  the  service  drop  and  describe 
their  function. 


12.  List  three  types  of  service-entrance  disconnects. 


13.  For  what  must  power-operated  service  disconnects 
have  a  provision? 
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14.  Where  does  the  service  entrant  e  end? 


lf>.  How  must  the  grounded  conductor  be  fastened  to  the 
ground  bus  bar? 


16.  What  is  the  preferred  grounding  electrode  for  the 
service  entrance  panelboard? 


17.  Where   are   small   grounding  electrode  conductors 
installed  ? 


18.  What  means  are  used  to  insure  all  metal  part^  of  the 
service  entrance,  the  grounded  conductor,  and  the 
grounding  electrode  conductor  are  at  the  same 
ptUe  nt  i  a  1  e  1  e  c  t  ri  c  II 1 1  y  ? 


235.  State  the  instaliatioh  procedures  for  a  three-wire, 
single-phase,  overhead  service  entrance  system. 

The  first  requirement  for  installation  of  the  service 
entrance  is  to  determine  the  size  of  the  conductors. 
Conductor  si/e  is  determined  by  the  planned  and 
anticipated  electrical  load  in  the  building.  1  his  load  is  based 
on  the  need  for  lighting  and  small  appliances,  plus  the 
power  to  operate  heavier  equipment,  such  as  dryers, 
furnaces,  and  motor-driven  equipment.  The  power 
requirement  for  a  building  is  covered  in  detail  in  chapter  5, 
Planning  and  leaving  Out  Works.  There  are  also  some 
minimum  si/e  requirements  for  conductors.  For  instance, 
the  service  drop  conductors  can  be  either  copper  or 
aluminum.  Copper  service  drop  conductors  must  be  no 
smaller  than  No.  8  AWG.  A  single-family  dwelling 
requires  a  three- wire  service  entrance  of  at  least  100  ampere 
capacity.  Service  entrance  conductors  are  usually  larger 
than  service  drop  conductors  because  of  the  difference  in 
ampacity  permitted  conductors  are  in  free  air. 

Service  mast.  The  service  entrance  conductors  may  be 
brought  in  through  rigid  metal  conduit.  This  conduit  may  be 
installed  as  a  service  mast  or  as  just  metal  conduit.  Figure 
4-5  shi.vvs  one  method  of  installing  a  service  mast.  The 
mast  is  made  from  a  single  length  of  rigid  steel  conduit  with 
a  minimum  reconmiended  diameter  of  2  inches.  It  is 
installed  through  the  roof  and  may  go  down  inside  the  wall 
between  the  studs.  The  mast  must  be  strong  enough  to 
provide  an  ancht^r  for  the  service  drop.  When  the  drop  is 
anchored  to  the  mast,  it  may  be  as  close  as  18  inches  to  the 
roof  as  long  as  it  does  not  pass  over  more  than  4  feet  of  roof 


overhang.  If  the  mast  is  not  strong  enough  as  installed, 
braces  or  guys  are  added  to  provide  the  necessary  support. 
A  roof  flashing  plate  with  a  neoprene  seal  is  installed  over 
the  mast  where  it  comes  through  the  roof  to  prevent  water 
leakage.  A  weatherhead  is  attached  to  the  top  of  the  mast. 
At  the  bottom  of  the  mast,  fittings  are  installed  to  permit 
mounting  of  the  meter  socket  and  the  service  disconnect,  or 
just  the  disconnect  if  power  is  not  to  be  metered. 

The  service  mast  may  be  installed  so  that  it  comes  down 
the  exterior  wall  of  the  building.  \i  is  anchored  to  the  wall 
with  pipe  support  clamps  that  are  held  in  place  by  bolts 
extending  through  the  wall.  In  many  cases,  screws  driven 
into  the  siding  or  some  type  of  .screw  anchor  provide 
adequate  support  for  the  pipe  clamps.  This  method  of 
mounting  a  service  mast  still  requires  the  use  of  a  roof 
flashing  plate  and  neoprene  seal  to  prevent  water  leakage. 
The  service  conductors  may  also  be  brought  in  through  rigid 
metal  conduit  fitted  with  a  weatherhead  and  fastened  to  the 
building  wall  but  not  extending  through  the  roof.  The 
service  drop  may  be  anchored  to  fittings  on  the  service  mast 
or  conduit,  or  it  may  be  fastened  to  porcelain  insulators 
attached  to  the  building.  The  method  and  point  of 
anchorage  are  influenced  by  building  height,  whether  a 
service  mast  is  used,  and  the  available  space  for  the  service 
drop- 

ScTVice  disconnect.  The  .service  disconnect  may  be  a 
separate  .switch,  or  it  may  be  combined  with  a  panelboard. 
Separate  switches  are  contained  in  surface-mounted  boxes. 
The  switchbox  is  mounted  on  an  inside  wall  directly  behind 
the  service  entrance  conduit.  The  conduit  may  be  brought 
through  the  wall  into  the  back  of  the  switchbox.  as  shown  in 
figure  4-6;  or  it  may  pass  through  the  wall  above  the 
switchbox  and  enter  at  the  top.  The  switchbox  has  knockout 
plugs.  The  proper  plug  mu.st  be  removed  to  provide  an  entry 
for  the  conduit.  The  switchbox  can  be  attached  directly  to 
the  wall  with  .screws  if  the  wall  has  a  wood  facing.  Open 
studs  may  require  that  wood  framing  be  built  on  which  to 
mount  the  box.  Masonry  walls,  such  as  concrete  or  brick, 
require  the  u.se  of  anchors  for  mounting  purpo.ses.  Wooden 
plugs  are  banned  for  this  purpose  because  they  are  likely  to 
pull  loo.se.  After  the  conduit  is  attached  to  the  box.  a 
groiinding  bushing  similar  to  that  shown  in  figure  4-6  must 
be  installed.  The  bushing  may  be  grounded  to  the  box  or  it 
may  be  connected  to  the  neutral  bus  bar.  depending  on  the 
specific  in.stallation.  NOTE:  All  conduits  must  be  bushed 
and  grounded  that  enter  or  exit  the  box.  Mounting  of  a 
combination  .service  disconnect  and  panelboard  is  discussed 
in  another  objective . 

Service  conductors.  The  service  conductors  are  insulated 
wires  that  run  in  one  continuous  length  from  the  service 
drop  to  the  service  disconnect.  Splices  are  not  permitted  by 
the  NEC.  The  neutral  conductor  may  be  a  bare  wire  when 
the  service  conductors  are  inclosed  in  a  raceway.  Where  a 
meter  is  included  as  part  of  the  service  entrance,  the 
conductors  are  run  from  the  servicef  drop  to  the  meter 
socket.  A  second  set  of  conductors  connects  the  meter 
.socket  to  the  service  disnect.  Figure  4-7  shows  how  the 
service  con  conductors  arc  wired  to  a  meter  mount. 

The  weatherhead  (or  service  head)  should  be  higher  than 
the  point  where  the  service  drop  is  anchored.  When  this  is 
not  possible,  the  weather  head  may  be  placed  to  the  side  of. 
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Figure  4-6.  Switchbox  mounting.. 


or  even  bcltiw .  hut  not  raorc  than  24  inches  tVoni  the  service 
drop.  Vhc  service  conductors  must  be  long  enough  to 
provide  drip  loops  between  where  they  are  connected  to  the 
service  drop  and  the  weatherhe;»d.  as  shown  in  figure  4-8. 
These  drip  loops  prevent  water  from  running  into  the 
wcathcrhead.  The  service  C(induciors  are  spliced  to  the 
service  drop  conductors  with  split  bolts  or  ether  types  of 
pressure  connectors.  It'  the  service  drop  conductors  are 
aluminum,  special  connectors  are  needed  to  prevent 
electrolytic  ct)rrosion  from  taking  place  between  ihe 
aluminum  and  the  copper  orvice  conductors.  Be  sure  tO 
get  the  aluminum  conductor  in  the  proper  space  in  these 
connectors.  Tape  the  connectors  and  wire  ends  on  the 
insulated  conductors  after  the  splice  is  complete.  Do  not 
bother  to  tape  the  neutral  if  is  is  a  bare  wire. 

The  service  conductors  that  enter  the  service  disconnect 
must  be  long  enough  to  connect  easily  wiih  the  switch 
terminals.  The  neutral  conductor  is  usually  longer  since  it 
connects  to  tlie  neutral  bus  bar.  Tenninal  lugs  are  needed  on 
the  conductors  because  of  their  large  size.  These  are 


attached  by  pressure  rather  than  by  solder  because  large 
solder  connections  are  difficult  to  make.  The  grounding  of 
the  service  entrance  is  discussed  in  a  later  objective. 

Service-entrance  (SE)  cable.  Service  entrance  cable  can 
be  used  for  the  service  entrance  in  place  of  rigid  conduit 
Nvhere  it  is  not  apt  to  be  damaged  physically.  Service 
entrance  cable  has  the  insulated  conductors  wrapped  with 
the  stranded  neutral  conductor.  This  method  of  wrapping 
the  neutral  around  the  other  conductors  provides  some 
protection  from  damage  and  gives  some  added  stiffness. 
The  service  drop  end  of  the  SE  cable  may  have  a 
weatherhead  attached  that  protects  against  moisture. 
Another  means  of  keeping  moisture  out  is  to  form  a 
gooseneck  on  the  end  of  the  SE  cable  like  that  shown  in 
figure  4-9.  This  gooseneck  must  be  taped  and  painted  or 
taped  with  a  self-sealing,  weather-resistant  thermoplastic. 
The  service  entrance  cable  must  be  supported  by  a  cable 
clamp  within  12  inches  of  the  weather  head,  gooseneck,  or 
connection  to  a  raceway.  Additional  clamps  are  required  for 
support  at  intervals  no  more  than  4  Vz  feet  apart. 
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Figure  4-7.  Meter  mount  wiring. 
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Figure  4-8.  Service  entrance  connecfions. 


The  service  cable  enters  the  interior  of  the  building 
through  a  hole  drilled  in  the  exterior  wall.  A  hole  is  easily 
bored  in  a  wooden  wall  either  b}'  hand  or  with  a  powered 
drill.  A  masonry  drill  or  star  drill  must  be  used  on  masonry 
walls.  The  hole  size  is  dictated  by  the  size  of  the  entrance 
cable.  The  hole  .should  permit  the  cable  to  enter  without 
damage  but  should  not  be  large  enough  to  cause  sealing 
problems.  Additional  space  is  required  in  cases  where  the 
grounding  electrode  conductor  comes  out  through  the  SE 
cable  entr>'  hole.  After  the  entry  cable  is  in.serted  through 
the  wall,  a  wallplate  with  cither  a  .soft  rubber  gasket  or 
nonhardening  sealing  compound  is  screwed  to  the  wall. 
This  plate  hold.>  the  SE  cable  in  place  and  provides  a 
weather-  proof  seal. 

Exerciser  (235): 

1.   What  must  you  determine  before  installing  a  service 
entrance? 


2.  On  what  is  the  amount  of  power  needed  for  lighting  the 
interior  of  a  building  ba.sed? 


3.   What  is  the  minimum  ampenige  requirement  for  the 
service  entrance  of  a  single-family  dwelling? 


4.  Where  would  you  find  information  concerning 
permissible  methods  ol  protecting  service-entrance 
conductors*.^ 


5.   What  arc  the  basic  requirements  for  installing  a  service 
mast? 
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Figure  4-9.  Service  entrmnce  cable  gooseneck. 


6.  AVhat  is  the  procedure  for  installing  the  service 
disconnect  when  it  is  a  separate  switch? 


7.  Where  is  a  break  in  the  service-entrance  conductors 
permitted? 


8.  What  is  the  maximum  distance  the  weatherhead  can  be 
located  from  the  service  drop? 


9.  Why  are  drip  loops  provided  in  the  service-drop 
conductors? 


10.  What  precaution  must  you  take  when  splicing  copper- 
service  conductors  to  aluminum  service-drop 
conductors? 


1 1 .  How    are    service    conductors   connected   to  the 
switchbox  terminals? 


12.  Briefly  describe  the  construction  of  a  service-entrance 
cable. 


13.  How  is  moisture  kept  out  of  the  service  drop  end  of  a 
service  entrance  cable  when  a  weatherhead  is  not 
used? 


14.  What  are  the  minimum  support  requirements  for 
service-  entrance  cable? 


1 5 .  How  is  service  entrance  cable  brought  from  the 
exterior  to  the  interior  of  a  building? 


236.  Identify  characteristics  of  underground  service 
entrance  systems,  and  specify  procedures  for  installing 
them. 

Underground  Service.  Electrical  power  may  be  brought 
into  a  building  from  underground  instead  of  overhead.  In 
fact,  underground  distribution  is  becoming  more  and  more 
common.  In  a  few  cases,  the  distribution  system  is 
overhead  but  the  building  service  is  underground.  The 
conductors  corresponding  to  the  service  drop,  and  which 
bring  the  power  to  the  building,  are  called  the  service 
lateral.  These  conductors  may  be  tied  to  an  overhead 
distribution  system  and  then  run  down  the  pole  and  into  the 
ground  before  they  are  run  to  the  building.  In  other  cases, 
the  entire  distribution  system,  except  for  the  transformers, 
is  underground.  The  service  lateral  may  be  connected  to  a 
secondary  main,  or,  if  the  building  is  served  by  separate 
transformers,  it  is  connected  to  the  transformers. 

The  service  lateral  may  be  installed  in  rigid  conduit, 
either  metal  or  nonmetallic.  It  can  also  be  installed  with 
underground  service  entrance  (USE)  cable.  Figure  4-10 
shows  the  layout  of  an  underground  service  to  a  building. 
In  this  illustration,  the  service  lateral  runs  from  the 
transformer  to  the  terminal  box.  A  terminal  box  is  installed 
whenever  a  meter  is  to  be  part  of  the  system,  the  wiring 
method  is  changed  (e.g. ,  from  conduit  to  cable),  or 
multiple  disconnects  are  to  be  used.  Whenever  the  service 
lateral  is  connected  directly  to  the  service  equipment 
(disconnect) ,  the  point  of  connection  between  the  service 
lateral  and  the  service  entrance  is  considered  to  be  the  point 
of  entry  to  the  building.  The  service  lateral  can  be  installed 
outside  the  building,  and  will  terminate  in  either  a  terminal 
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box  or  the  service  equipment.  There  are  no  service-entrance 
conductors  if  the  service  lateral  connects  directly  to  the 
service  equipment  outside  the  building. 

Underground  service  laterals  must  be  protected  from 
damage  by  meeting  minimum  burial  depths.  Underground 
service-entrance  cable  and  other  direct-burial  cable  must  be 
buried  at  least  24  inches  deep.  Rigid  metal  conduit  needs  to 
be  only  6  inches  deep,  but  rigid  nonmetalHc  conduit 
approved  for  direct  burial  must  be  18  inches  deep. 
Underground  service  entrance  cable  entering  a  building 
from  underground  must  be  protected  by  an  approved 
entrance  or  raceway  from  the  point  of  entrance  to  below  the 
ground  line  and  beyond  the  outside  walls  of  the  building. 
The  rest  of  an  underground  service  entrance  is  the  same  as 
for  an  overhead  system. 

Exercises  (236): 

1 .  What  are  the  conductors  of  an  underground  system  that 
correspond  to  a  service  drop  called? 


2.  In  which  three  places  may  the  underground  conductors 
to  a  building  be  connected  to  the  power  source? 


3.  What  are  two  methods  for  installing  a  service  lateral? 


4.  When  is  a  terminal  box  used  with  a  service  lateral? 


5.  Where  does  the  service  entrance  start  when  the  service 
lateral  connects  directly  to  the  service  equipment 
inside  a  building? 


6.  A  service  lateral  installed  in  rigid,  nonmetallic  conduit 
must  be  protected  with  how  many  inches  of  dirt? 


7.  What  protection  is  required  for  USE  cable  entering  a 
building  from  underground? 


4-3.  Distribution  Paneid 

Once  power  is  brought  into  a  building  by  way  of  a  service 
entrance,  it  must  be  divided  and  sent  out  to  he  points  where 
it  is  going  to  be  used. 

237.  Identify  types  of  distribution  panels  in  terms  of 
their  design  characteristics. 

A  distribution  panel,  as  its  name  implies,  serves  as  a 
center  or  point  in  the  electrical  system  where  the  power  is 
fed  to  the  branch  circuits.  There  will  be  only  one 
distribution  panel  in  a  building  when  the  requirement  is  for 
lighting  and  power  and  the  building  is  not  too  large.  On  the 
other  hand,  several  panels  may  be  required  in  a  large 
building,  or  one  in  which  quite  a  lot  of  electrically  powered 
equipment  is  to  be  operated. 

A  distribution  panel  consists  mainly  of  a  metal  cabinet 
that  houses  bus  bars  and  individual  circuit  protective 
devices.  The  protective  devices  (fuses  and  circuit  breakers) 
protect  the  circuits  against  excessive  current  flow. 
Distribution  panels  may  be  divided  into  categorich 
according  to  the  purpose  for  which  the  circuits  are  to  be 
used.  They  may  also  be  classed  according  to  the  type  of 
protective  devices  used  with  the  panel. 

Purpose  and  Design  of  Panels.  Distribution 
panelboards  are  classed  generally  as  lighting  and  appliance 
panels,  power  panels,  or  feeder  panels.  Any  panelboard  that 
has  more  than  10  percent  of  its  overcurrent  devices  rated  at 
30  amperes  or  less  and  has  provisions  for  neutral 
connections  is  classified  as  a  lighting  and  appliance  panel. 
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Figure  4-10.  Underground  service  to  building. 
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These  panelboards  provide  connections  tor  branch  circuits 
that  are  used  for  both  lighting  and  power  purposes.  Power 
panelboards  are  used  mainly  to  provide  power  for  the 
operation  of  electrical  equipment.  Most  of  the  branch 
circuits  from  a  power  panel  will  be  240  volts  or  480  volts. 
However,  some  lighting  circuits  may  be  provided.  Feeder 
panelboards  may  be  used  to  distribute  power  to  other 
panelboards  located  at  various  points  in  a  building.  These 
other  panelboards  can  be  either  power  panels  or  lighting  and 
appliance  panels.  These  added  panelboards  allow  branch 
circuits  to  be  installed  where  they  are  the  most  useful,  with 
an  overall  savings  in  material. 

Panelboards  must  be  rated  at  least  as  high  as  the  feeder 
capacity  required  for  the  load.  Panelboards  are  marked  by 
the  manufacturer  with  the  voltage,  current  rating,  and 
number  of  phases  for  which  they  are  designed.  This 
information,  plus  the  manufacturer's  name  or  trademark, 
must  not  be  obstructed  by  interior  parts  or  wiring  after  the 
panelboard  is  installed.  According  to  the  NEC,  lighting  and 
appliance  panelboards  cannot  have  more  than  42 
overcurrent  devices  besides  the  mains.  Two-pole  and 
three-pole  circuit  breakers  are  counted  as  two  and  three 
overcurrent  devices  respectively. 

According  to  the  NEC,  each  lighting  r.nd  appliance 
panelboard  must  be  protected  from  current  flow  on  the 
supply  side  by  not  more  than  two  main  circuit  breakers  or 
two  sets  of  main  fuses  having  a  combined  rating  no  greater 
than  that  of  the  panelboard.  This  protects  not  only  the 
feeders,  but  also  the  panelboard  bus  bars.  The  panelboard 
does  not  need  individual  protection  if  the  panelboard  feeder 
has  overcurrent  protection  no  higher  than  the  panelboard 
rating.  The  total  load  on  any  single  overcurrent  device  in  a 
panelboard  must  not  exceed  80  percent  of  its  capacity 
where,  in  normal  use,  the  load  continues  for  3  hours  or 
longer  to  prevent  overheating  of  the  conductor. 

Panelboard  cabinets  must  be  grounded.  A  terminal  bar 
must  be  provided  for  attachment  of  feeder-  and  branch- 
circuit  equipment-grounding  conductors  where  nonmetallic 
raceway  or  cable  is  used.  This  terminal  bar  must  be  bonded 
to  the  cabinet,  but  not  to  the  neutral  bar  except  in  service 
equipment. 

Three-phase  panelboards  supplied  by  a  four-wire,  delta- 
connected  system  that  has  the  midpoint  of  one  phase 
grounded  must  have  the  higher  voltage  phase-to-ground 
conductor  or  bus  bar  marked.  This  high-voltage  conductor 
should  have  an  orange  outer  finish  or  be  tagged  clearly. 
The  identification  is  required  at  any  point  where  a 
connection  can  be  made  and  the  neutral  conductor  is  also 
present.  The  phase  arrangement  on  a  three-phase 
panelboard  is  A,  B,  C,  from  left  to  right,  or  top  to  bottom 
when  viewed  from  the  front.  The  B  phase  will  be  the  phase 
that  has  the  higher  phase-to-ground  voltage. 

Fuse  Panels.  Fuse  panels,  as  the  name  implies,  contain 
fuses  for  protection  of  each  circuit.  You  will  find  that  there 
arc  many  designs  of  fuse  panels.  These  designs  vary  in  size, 
capacity  (amperage  and  voltage),  and  type  of  installed 
fuses.  The  capacity  of  the  panel  is  based  on  the  ampacity  of 
the  panel's  bus  bars.  The  number  of  bus  bars  is  determined 
by  whether  it  is  a  single-phase  or  three-phase  panel.  This 
type  of  panel  may  be  either  surface  or  fiush  mounted.  The 
cabinet  or  case  has  knockouts  so  that  conduit  or  cable 


connectors  can  be  attached  directly  to  it.  Panels  supplying 
power  to  general  branch  circuits  must  be  of  the  dead  front 
design.  This  means  that  when  the  door  on  the  panel  is  open, 
no  live  parts  are  exposed.  You  must  remove  the  cover  from 
the  panel  to  gain  access  to  the  interior  parts. 

Fuse  panels  are  designed  for  plug  fuses,  cartridge  fuses, 
knife-blade  fuses,  or  a  combination  of  these.  Fuse  panels 
that  use  an  Edison  base  fuse  are  called  a  plug  fuse  panel. 
These  fuse  panels  are  not  to  be  installed  either  for  new  work 
or  as  a  replacement  panel  unless  they  have  been  modified  to 
accept  type  S  fuses.  (Adapters  that  will  accept  only  type  S 
fuses  are  installed  in  the  fuse  holders.)  Type  S  plug  fuse 
panels  that  don't  need  adapters  are  available  also.  Cartridge 
fuse  panels  use  either  the  ferrule  or  knife-blade  type  fuses, 
depending  on  the  capacity  of  the  panel.  All  the  fuses  listed 
here  will  be  covered  in  the  section  on  protective  devices. 

Circuit  breaker  panels.  Circuit  breaker  panels  aerve  the 
same  purpose  as  fuse  panels.  Cenerally.  they  resemble  fuse 
panels  except  for  the  protective  devices  used  in  the  circuits. 

Circuit-breaker  panels  are  preferred  to  fuse  panels 
because  a  circuit  breaker  needs  only  to  be  reset  after  it  is 
tripped  by  an  overload  condition.  Fuses,  on  the  other  hand, 
must  be  replaced  after  they  are  blown.  An  added 
convenience  of  the  circuit  t^reaker  is  that  it  can  be  used  as  a 
switch  to  manually  disconnect  a  circuit  from  its  power 
sources.  Circuit  breaker  paneN  must  be  of  the  dead  front 
design  the  same  as  fuse  panels.  Replacement  of  individual 
circuit  breakers  requires  that  the  front  cover  be  removed. 

Exercises  (237): 

1.   How  many  distribution  panels  would  be  installed  in  a 
three-bedroom,  military  family  housing  unit? 


2.   Name  three  types  of  distribution  panels. 


3.   What  is  a  lighting  and  appliance  panelboard? 


4.   What  is  the  purpose  of  a  power  panelboard? 


5.   What  type  of  panelboard  is  set  up  to  furnish  power  to 
other  panelboards? 


6.  For  what  reason  does  a  panelboard  furnish  power  to 
other  panelboards? 
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7.  What  information  must  appear  on  a  panelboard? 


238.  State  the  procedures  for  installing  distribution 
panels,  and  calculate  for  an  unbalanced  load. 


8.  What  protection  from  current  flow  must  be  provided  a 
panelboard? 


9.   What  are  the  grounding  requirements  for  panelboards 
where  wiring  is  done  with  nonmctallic  cable? 


10.  How  is  the  high-voltage  conductor  of  a  four-wire, 
delta-connected  system  with  the  midpoint  of  one  phase 
grounded  identified? 


11.  On  what  is  the  capacity  of  a  fuse  panel  based? 


12.  A  three-phase  fuse  panel  has  a  total  of  how  many  bus 
bars? 


1 3 .  What  is  a  dead  front  fuse  panel? 


14.   What  are  three  l^pes  of  fuses  used  in  fuse  panels? 


15.  Explain  the  conditions  under  which  an  Edison  base 
fuse  panel  can  be  installed. 


16.   What  is  the  main  advantage  of  a  circuit-breaker  panel 
over  a  fuse  panel? 


17.   Why  are  breaker  panels  preferred  for  use  over  fuse 
panels? 


As  previously  mentioned,  the  distribution  panel 
distributes  electrical  energy  to  branch  circuits  through  its 
circuit  breakers  or  fuses.  It  is  supplied  with  power  frorn  the 
main  disconnect  switch.  Power  is  fed  from  the  main  swixh 
to  the  distribution  panel  by  conductors  run  in  conduit  or  by 
service  entrance  cable.  In  some  cases,  the  main  disconnect 
switch  is  combined  with  the  distribution  panelboard.  This 
arrangement  permits  the  service  conductors  to  be  connected 
directly  to  the  pimclboard.  eliminating  the  need  for  a 
separate  switch  box  and  th^"  interconnecting  wirng. 

Panelboard  Selection.  One  of  the  first  requirements  for 
installing  a  panelboard  is  to  select  one  that  provides  an 
adequate  number  of  spaces  for  the  circuits  to  be  installed. 
The  number  of  required  circuits  is  determined  by  the  size  of 
the  building  and  the  equipment  to  be  used  in  it.  A 
panelboard  is  usually  selected  that  provides  at  least  one 
unused  overcurrent  protective  device  when  only  a  few 
circuits  are  installed.  When  a  good  many  circuits  are 
installed,  it  is  common  practice  to  leave  two  or  more 
unused  spaces  for  future  expansion.  The  cabinet  furnished 
with  the  panelboard  normally  provides  adequate  space  for 
wiring  at  the  sides  to  meet  code  requirements.  In  an  unusual 
case,  it  may  be  necessary  to  use  a  larger  cabinet  to  provide 
required  wiring  space. 

Cabinet  Installation.  Cabinets  may  be  either  surface 
mounted  or  flush  mounted.  Surface-mounted  cabinets  are 
used  mostly  with  exposed  wiring.  When  wiring  is 
concealed,  a  flush-mounted  cabinet  is  needed.  Cabinets 
installed  damp  locations  must  have  at  least  1/4-inch 
airspace  .iround  the  cabinet  to  allow  for  air  circulation. 
Under  normal  conditions,  interior  parts  are  removed  from 
cabinets  before  they  are  mounted.  A  surface-mounted 
cabinet  is  attached  to  the  wall  with  screws,  hollow  wall 
fasteners,  or  masonry  anchors.  Spacers  are  placed  behind 
the  cabinet,  if  needed.  A  cabinet  that  is  to  be  flush-mounted 
on  a  frame  wall  may  need  to  have  framing  added.  In  walls 
built  of  concrete,  tile,  or  other  noncombustible  material, 
cabinets  can  be  recessed  with  the  front  edge  up  to  1/4  inch 
from  the  finished  surface.  Cabinets  in  wood  or  other 
combustible  walls  must  either  be  flush  or  project  from  the 
surface. 

After  the  cabinet  is  mounted,  the  wiring  for  the  circuits 
should  be  installed.  Circuit  wiring  may  be  run  in  conduit,  or 
nonmetallic  cable  may  be  used.  Most  circuits  enter  the 
cabinet  through  a  hole  made  by  removing  the  correct 
knockout  plug.  No  more  knockout  plugs  should  be 
removed  from  the  cabinet  than  are  needed  for  the  circuits 
being  put  in.  If  a  knockout  is  removed  and  the  hole  is  not 
used,  the  hole  must  be  reclosed  with  a  plug  or  plate  that 
affords  protection  about  equal  to  that  afforded  by  the 
cabinet  walls.  When  conduit  is  used,  it  is  attached  directly 
to  the  cabinet  with  conduit  fittings.  The  end  of  the  conduit 
must  be  bushed  to  provide  a  smooth,  nonabrasive  surface 
for  the  conductors.  Insulated  bushings  are  required  for 
ungrounded  No.  4  and  larger  conductors.  Nonmetallic  cable 
is  brought  into  the  cabinet  through  nonmetallic  cable 
connectors  attached  to  the  cabinet.  Regardless  of  the 
wiring  method,  the  ends  of  the  conductors  brought  into  the 
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cabinet  should  be  Icll  King  enough  lo  allow  an>'  eontliicior 
to  be  connected  at  any  point  within  the  cabinet. 

Panelboard  (Connections.  Once  the  ciicuits  have  all 
been  brought  into  the  cabinet,  the  panelboau!  can  be 
nuninted  in  the  cabinet.  Also,  the  neotral  bar  and  the 
equipment  ground  bar  are  attached  lo  the  cabinet.  The 
ground  bar  must  be  bonded  to  the  cabinet  by  either  a 
bonding  jumper  or  the  more  common  method  of  running  a 
screw  througli  the  bar  inti^  ilio  cabinet.  I'he  Cvjuipmcnt 
ground  bar  and  the  neutral  bar  arc  not  bimdcd  together 
unless  the  panelboard  also  serves  as  thr  service  eijuipment 

Quite  often  the  panelboard  is  mn  coniKct<nl  until  tiie 
interior  wiring  is  done  anil  the  receptacles,  switches,  and 
fixtures  liave  been  installed  The  method  ot  attaching 
circuit  conductors  is  based  on  ct)ntliictor  size  anil  type  of 
terminals  on  the  panelboard.  .Small  conductors.  Ni>.  10  anil 
smaller,  normally  are  looped  aroimd  a  screw-type  terminal. 
Larger  conductors  may  need  tt)  have  terminal  lugs  attached 
so  that  connections  can  be  made  to  screw  terminals. 
Pressure-type  terminals  are  i:ltea  provuled  lor  larger 
conductors,  neutral  conductors,  and  e(|uipment  grounding 
conductors. 

C'ontluctors  shc^uld  be  cotinecied  in  a  neat  and 
proiessional  manner,  in  many  cases,  ciuuiuctors  ate 
connected  with  httle  (vxcess  wire.  Cnmluctors  briiughl  in 
through  the  sides  of  the  cabinet  are  connei  terl  directly  to  the 
ovcrcurrent  device.  Those  brought  in  from  the  top  or 
bottom  of  the  cabinet  are  neatly  bent  in  a  '-K)'*  anidc  op[>osite 
the  fuse  oi  eircnt  l>reaker  to  which  they  arc  to  be  attached 
and  are  cut  just  l^mg  enough  to  make  a  gnod  connection. 
However.  man>  experienced  electricians  lee!  thai  this 
system  of  et>nnecting  conductors  is  not  neccssaiily  thr  best, 
even  tlnnigh  it  presents  the  most  uncluttered  look  and  leaves 
more  space  art)und  each  conductor.  These  electiicians 
usually  try  lo  leave  an  end  on  each  conductor  that  is  equal  to 
the  height  plus  tlie  width  o\'  the  cabinet.  Kach  conductor  is 
run  along  the  panel  and  looped  hack  I8(r  before  being 
connected  lo  its  fuse  or  circuit  hreakei.  Little  added 
materii''  is  needed  and  the  extra  length  t)n  the  conduct(M' 
permits  it  lo  be  sw  itched  to  another  terminal  on  the  panel  if 
desired.  Alst>.  in  case  of  cc^nductor  breakage  near  the 
terminaL  the  contluetor  can  be  reconnected  easily  . 

The  ungroundetl  conductors  in  a  fusL-  panelboard  are 
ci>nnected  directly  to  terminals  on  the  bus  h;trs.  In  a  circuit 
breaker  panelboard,  the  ungnnmded  conductt^rs  arc  usually 
ct>nnected  to  the  circuit  breaker.  I  he  circuit  breaker  then  is 
inserted  in  the  panelboard.  In  most  cases  the  breaker  is 
snapped  into  place  and  is  held  by  spring  tension.  .Sometimes 
breakers  are  held  in  the  panelboard  by  sciews. 

Load  Balancing.  C'onductors  cannot  be  connected  to  a 
panelboard  by  attaching  each  one  as  you  coine  to  it.  Ibc 
arrangement  or  sequence  of  attaching  condnctois  to  the 
panelboard  is  determined  by  the  arrangement  of  the  bus  bars 
in  the  panelb(\ird.  whether  the  circuits  are  240  volts  or  120 
volts,  and  the  need  to  balance  the  load  on  the  phase 
conductors.  Bus  bars  are  installed  into  panel  boards  in  one 
of  several  ways.  Wosi  of  the  time,  the  bnv  bars  arc  run  in  a 
vertical  configuration.  In  one  arrangernent.  a  split-bus 
panelboard  is  used  that  has  all  the  24()-volt  circuits  in  the 
uppci  section  and  tlie  12()-volt  circuits  in  a  lower  section. 
Another  type  of  split-bus  panelboard  uses  one  main  circuit 


breaker  to  feed  one  set  of  branch  circuits  and  a  second  main 
circuit  breaker  t(^  feed  a  second  set.  In  many  cases, 
panelboards  are  designed  so  that  any  two  adjacent  terminals 
can  be  used  to  provide  240-volt  service.  This  arrangement 
also  means  that  two  120-volt  circuits  attached  to  adjacent 
terminals  are  connected  to  different  phase  conductors. 
Since  there  are  so  many  panelboard  layouts,  you  must  look 
at  the  panelboard  to  see  how  it  is  set  up  for  240-volt  service, 
anil  you  must  be  sure  you  get  the  conductors  for  240-volt 
circuits  coiuiccted  to  the  proper  terminals. 

Loads  connected  lo  a  panelboard  should  be  divided  as 
evetily  as  possible  between  the  supply  conductors.  This 
pnK.css  of  ct|uali/.ing  the  load  is  commonly  referred  to  as 
load  balancing,  I  he  purpose  of  load  balancing  is  to  reduce 
voltage  drops  that  result  from  overloading  one  side  of  the 
incoming  service.  It  also  prevents  the  possibility  of 
(werloading  the  neutral,  A  perfectly  balanced  load  between 
the  supply  conductors  reduces  current  How  in  the  neutral  to 
zero. 

Load  balancing  is  no  problem  for  240-volt  circuits  on  a 
three-wire,  single-phase  system,  since  the  load  has  io  be 
equal  on  each  phase  conductor.  However,  the  120-voit 
circuits  are  a  (ifferent  matter.  These  must  be  connected  in 
such,  a  way  .ha!  the  Unids  tend  to  '  qualize.  Generally 
speaking,  the  simplest  way  to  balance  the  load  on  a 
panelboaid  is  to  connect  an  equal  nun>ber  of  branch  circuits 
lo  each  phase  conductor.  But  this  method  does  not 
necessarily  give  you  a  balanced  load. 

The  indiscriminate  connection  of  branch  circuits  without 
considering  their  loads  can  cause  you  to  end  up  with  an 
luibalanced  condition.  Suppose  we  had  a  240-volt.  14),  3- 
wirc  s>stem.  A  phase  has  a  total  of  nine  circuits  connected. 
B  phase  ha,s  I  I  circuits  connected.  Checking  the  phases 
with  a  clamp  on  ammeter,  we  find  A  pha.se  reads  25  amps 
and  B  phase  reads  .^5  amps.  The  10  amp  difference  will  be 
found  on  the  neutral.  If  wc  read  each  circuit  on  B  phase  and 
i'ind  one  approximately  5  amps,  we  could  swap  that  circuit 
to  .'\  phase,  This  should  give  A  phase  30  amps,  B  phase  30 
amps,  and  eliminate  any  current  on  the  neutral.  Most  of  the 
time,  you  should  be  able  to  connect  half  of  the  lighting 
circuits  and  half  of  the  appliance  circuits  to  each  phase 
conductor  to  give  you  a  reasonably  well-balanced  load. 
Spare  circuits  should  also  be  equalized.  There  is  one  more 
thing  to  consider:  If  there  are  appliance  circuits  where  the 
loads  are  known  to  be  heavy,  these  circuits  must  be  divided 
between  the  phase  conductors, 

Fxerciscs  (2,^8): 

I .   What  is  the  basis  upon  which  a  panelboard  is  selected 
lor  installation  in  a  building? 


2,   Wh>  should  unused  spaces  be  left  when  a  panelboard 
is  installed? 
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3.  What  usually  determines  whether  a  surtace-mounted       U.   How  can  conduclors  be  LonncLlcd  to  a  panelboard  thai 
or  flush  mounted  cabinet  will  be  used?  will  permit  repositioning  or  repair  it  broken? 


4.  What   are    the   space   requirements   for   mounting       13.    \o  what  do  most  circuit  breaker  panclboards  have  the 
panelboard  cabinets  in  damp  locations?  ungrounded  conductors  connected? 


5.   What  is  the  procedure  for  installing  a  tlush-nioun^ed       \b.    Whai  .nc  (ho  lacior^  (hat  intluencc  the  sequence  for 
cabinet  in  a  masonry  wall?  connccimg  conduclors  to  a  panelboard? 


6.   What  action  is  required  if  a  cabinet  knockout  is       17.    What  type  ol  panelboard  has  all  240- volt  circuits  in 
removed  and  then  nol  used?  one  section  and  all  1 20-volt  circuits  in  another  section? 


7,  How  are  No.  3  conductors  protected  from  damage       IS.   A  panelboard  tliat  is  set  up  so  that  any  two  adjacent 
when  brought  into  the  cabinet  from  metal  conduits?  terminals  provide  24()-volt  service  will  also  result  in 


what 


8.  What  is  the  general  rule  for  determining  the  length  of 

conductor  ends  brought  into  a  panelboard  cabinet?  1^^.   What  is  l<xul  balaucinu 


9.   How  is  electrical  continuity  attained  between  the 
equipment  ground  bar  and  the  panelboard  cabinet? 


20.    What  is  ilic  [>ui  pose  of  load  balancing? 


,  A  phase  equals  6.*^  amperes  and  B  phase  equals  39 

10    When  are  the  equipment  ground  bar  and  the  neutral  bar  :inineivs  ' 

bonded  together? 


21 .    What  i^  the  neutral  load      a  240-volt.  Ict>  panel  when 
A  phase  > 
amperes? 


II.   How  are  No.  12  conductors  usually  connected  to  a 
panelboard? 


12.  With  what  is  a  No.  8  conductor  connected  to  a 
panelboard? 


22.  What  is  A  pliase  amperes  on  a  240-volt,  14)  panel 
when  B  phase  equals  75  amperes  and  the  neutral 
equals  1 5  amperes? 


4-4.  Protective  Devices 


13.  What   are   pressure-type    terminals   often   used   in  Before  branch  circuits  can  be  hooked  up  to  a  panelboard, 

panelboard  cabmets  to  connect  ^  protectiv  e  device-,  in  the  form  of  fuses  and  circuit 

breakers,  must  be  selected.  These  protective  devices,  as  the 
name  implies,  provide  protection  for  the  circuit  conductors 
and  equipment  thai  nuty  be  connected  to  the  circuit. 
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239.  Identify  the  types  and  nilinjiis  of  protective  devices, 
and  specify  instailation  rotpiireineiits  and  limitations. 

Plug  Fuses.  IMui!  I  uses  ol  ihc  l^AlisDn-hasc  type  screw 
into  sockets  similar  io  an  i>nlinaiy  light  socket.  Plug  fuses 
are  used  tVt>ni  ()  to  M)  amperes  at  ;i  maximum  ol  125  volts. 
Plug  fuses  have  a  clear  glass  or  niica  window  directly  over 
the  fuse  element.  I  his  sxin^lovH  piovidcs  a  means  lor 
determining  visiiallv  ulK  ihcr  the  (use  is  good  or  blown. 
Fuses  rated  lVt>m  0  tlirongh  I  *^  iimpcu  s  have  a  liexagonal 
window,  while  tht>sc  ratet!  trom  U>  tluongh  .^0  amperes 
hin  e  a  round  window  .  IMug  luscs  nuisl  i)c  scicueti  in  i irmly 
r  good  ctuitact.  but  inH  tight  cianigh  \o  make  ihen^ 
tlilYicult  io  renu>ve  hdison  base  luses  may  l^e  used  i>nly  ft)r 
replacements  in  existing  iiisi;illations. 

Plug  fuse  panels  io  be  uscti  m  new  wovk  must  be 
modified  so  that  the  type  S  tusc  must  be  used.  !*>  pe  S  plug 
fuses  require  an  adapter,  ilie  adapter  is  designed  so  that 
once  it  is  screwed  intt>  place,  it  caimot  be  re  mined.  Type  S 
fuses  and  adapters  ctjnie  in  thn/e  capacity  ranges:  0  thrtuigh 
15  amperes,  16  thnnigh  20  amperes,  and  21  thunigh  30 
amperes.  The  advantage  ti^  this  system  is  that  fuses  of  a 
larger  ampere  rating  w  ill  not  l  it  intt>  an  adapter  oi  a  Unver 
arr.pere  capacity  range,  in  addititui.  this  pre\ents  tibjects. 
such  as  pennies  and  wire.  Irtmi  luring  inserted  itilo  the 
socket  to  override  the  pn)tection 

Cartridge  Fuses.  Cartridge  tustrs  are  t>f  twt>  tvpes —  the 
ferrule  and  the  knite-blade  type  Moth  types  are  available 
with  replacement  or  nt)nrcplaccable  fuse  links.  Ferrule- 
type  fuses  are  available  in  ampere  ratings  from  0  thnnigh 
60.  Fuse  panels  that  use  Icnule-lype  fuses  have  specially 
designed  fuse  clips  in  which  t^nly  fer  nile  types  w  ill  fit.  Fuse 
diameter  and  length  increase  as  amperage  and  vt>ltage 
increase.  Ferrule-type  fuses  are  used  in  circuits  up  to  600 
volts. 

Fuse  panels  that  provide  disiributitni  for  high  capacity 
circuits  use  knite-bhule  fuse^  lor  protection.  The  fuse  clips 
are  designed  especially  tt»  receive  knife-blade  fuses  t>nly. 
Knife-blade  fuses  arc  available  in  ampere  ratings  of  61 
through  6000.  The  maxnnum  vt)ltage  rating  for  knife-blade 
fuses  is  6(X)  volts. 

Two  factt>rs  must  be  ct>n  side  ret!  when  selecting  fuses  t\>r 
circuit  protectitm.  These  arc  the  total  current  Htnv  and  the 
voltage  of  the  circuit  in  whicl.  the  fuse  is  io  be  installed. 
Since  the  purpose  of  the  t\isc  is  io  pn^tect  the  circuit,  it  must 
be  the  weakest  point  in  the  circuit.  Thus,  the  fuse  used 
should  be  rated  no  higher  than  the  h)west- rated  component 
to  be  protected.  Betore  installing  a  fuse  in  a  panel,  check 
the  condition  of  the  fuse  ht)lder  or  clips.  These  must  be 
clean  and  hold  the  fuse  firmly. 

Circuit  Breakers.  One  of  the  newer  t>  pes  of  protective 
devices,  used  more  t>lten  than  tuses  because  of  the  way  it 
reacts  to  an  overhead,  is  the  ciicnit  breaker.  A  circuit 
breaker  trips  on  an  overload,  but  can  be  reset  to  complete 
the  circuit  again  without  having  to  be  removed  or  replaced. 
Circuit  breakers  are  classed  according  to  their  operating 
principle.  They  may  be  thermal,  magnetic,  or  combination 
thermal-magnetic.  Circuit  breakers  may  be  ordered  with 
one,  two,  and  three  poles.  Multipole  breakers  are  designed 
to  open  all  ungrounded  conductors  in  a  circuit  at  the  same 
time. 
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A  thermal-type  circuit  breaker  has  a  bimetallic  element 
within  the  breaker  that  responds  to  temperature  change. 
The  bimetallic  element  is  made  by  fusing  together  two 
strips  of  dissimilar  metal.  Each  strip  has  a  different 
expansion  rate  when  heated.  Current  flowing  through  the 
breaker  generates  heat,  which  increases  as  the  flow 
increases.  The  heat  causes  the  bimetallic  element  to  bend 
and  act  against  a  latch.  The  breaker  mechanism  is  adjusted 
so  that  when  the  current  flow  reaches  a  set  level,  the 
element  bends  entnigh  io  trip  the  latch.  This  action  opens  a 
set  of  contacts  to  break  the  circuit.  The  thermal-type  circuit 
breaker  commonly  is  called  a  time  lag  breaker  because  the 
breaker  does  no{  tipen  immediately  when  an  overload 
occurs.  The  bimetallic  element  requires  a  short  time  (length 
depends  on  the  size  of  the  overload)  to  respond  to  the  heat 
generated  by  the  overload  current. 

A  magnetic-type  circuit  breaker  responds  instantaneously 
when  an  excess  of  current  tlow.s  through  the  breaker.  A 
small  electromagnet  is  used  to  actuate  the  breaker 
mechanisr  ..  Whenever  a  predetermined  amount  of  current 
fltiws  through  th^  electromagnet,  enough  magnetic  flux  is 
created  to  attract  a  small  armature.  As  the  armature  moves, 
the  breaker  mechanism  trips  and  opens  the  circuit. 

The  thermal-magnetic  circuit  breaker,  as  the  name 
implies,  combines  the  features  of  both  the  thermal  and  the 
magnetic  cypes.  Of  the  three,  the  thermal-magnetic  circuit 
breaker  is  preferred  for  general  use.  A  small  overload 
actuates  the  bimetallic  strip  to  open  the  circuit  on  a  time 
delay,  while  a  large  overload  or  short  circuit  actuates  the 
magnetic  trip  to  open  the  circuit  instantly.  Circuit  breakers 
are  rated  in  amperes  and  volts  the  same  as  fuses,  and  you 
select  them  on  the  same  basis.  Circuit  breakers  are  sealed 
units  and  no  attempt  should  be  made  to  adjust  the  ampere 
capacity  or  to  repair  it.  A  defective  breaker  must  be 
removed  and  replaced. 

Circuit  breakers  that  are  xo  be  used  in  circuits  that  may 
pose  an  added  hazard  to  the  user  are  made  with  an  extra 
safety  feature.  This  breaker  is  called  a  ground  fault  circuit 
interrupter  (GFCI).  It  is  a  thermal-magnetic  breaker  with  an 
additional  internal  circuit  that  detects  a  current  leak  from 
the  hot  wire  to  ground  and  opens  the  breaker  if  that  current 
reaches  a  set  amount.  This  leakage  cannot  be  more  than  5 
(+1)  milliamperes  (thousandths  of  an  ampere)  to  ground. 
Most  of  these  breakers  have  a  test  button  that  can  be  used  to 
check  the  GFCI  to  see  whether  it  will  trip  when  there  is  a 
fault.  Figure  4-1  I  shows  a  GFCI  installed.  You  connect  the 
circuit  hot  wire  to  the  breaker  the  same  as  you  do  on  a 
standard  breaker.  The  circuit  neutral  is  connected  to  another 
terminal  on  the  GFCI  instead  of  to  the  neutral  bar  in  the 
panel.  The  GFCI  comes  with  an  attached  white  neutral 
wire,  which  you  then  connect  to  the  neutral  bar.  The  NEC 
requires  that  GFCIs  be  installed  for  several  circuits  used  in 
the  home.  These  circuits  include  ALL  120-volt,  single- 
phase,  15-  and  20-ampere  receptacles  in  bathrooms, 
garages,  and  outdoors.  GFCIs  may  be  used  elsewhere  when 
there  is  a  need  for  the  added  protection. 

Exercises  (239): 

I .   Name  the  two  types  of  plug  fuses. 
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2.  What  are  the  limitations  on  using  Edison  base  fusos? 


3.  List  the  amperage  ratings  for  tyf>e  S  plug  fuses. 


4.  What  is  the  maximum  capacity  of  amperes  for  ferrule- 
type  cartridge  fuses? 


5.  Why  can't  a  60-anipere.  f?^rrule  type  be  used  in  place 
of  a  20-ampere,  ferrule  tyi^e? 


6.  What  is  the  weakest  part  of  an  electrical  circuit? 


7.   How  does  a  rherpial-type  circuit  breaker  work  to 
interrupt  the  circuit  on  an  overload? 


8.  How  does  a  magnetic  type  circuit  breaker  open  the 
circuit  on  an  overload? 


9.  What  is  the  advantage  of  a  magnetic  circuit  breaker 
over  a  thermal  type? 


10.  What  is  the  purpose  of  a  GFCl? 


1 1 .  Where  must  ground  fault  breakers  be  installed  in  a 
home? 


240,   Specify  the  types  and  purposes  of  eicctrical 
grounds,  and  cite  standards  for  determining  their  size. 

System  Grounding,  System  grounding  consists  of 
connecting  the  neutral  conductor  to  the  earth.  The  purpose 
of  this  connection  is  to  get  rid  of  any  high  voltages  that 
inadvertently  enter  the  system  from  lightning  strikes,  a 
breakdown  in  tr\»nsformer  insulation,  or  accidental  contact 
between  the  service  drop  and  the  nearbv  high-voltage  lines. 
Such  voltages  are  often  in  the  range  of  12,000  volts.  This 
voltage  is  high  enough  to  break  down  the  insulation  on 
system  wiring  if  the  system  is  not  grounded.  On  an 
ungrounded  system,  a  breakdown  of  insulation  can  result  in 
heat  generation,  which  will  set  fire  to  any  surrounding 
flammable  materirl.  Also,  if  these  high  voltages  do  not 
find  a  way  to  reach  ground,  and  remain  on  the  line,  they 
present  a  serious  shock  hazard. 

When  the  system  is  grounded  properly  through  an 
adequately  sized  low-resistance  conductor,  these  high- 
voltage  currents  are  bled  off  to  the  earth  immediately.  As  a 
result,  the  danger  of  fire  or  shock  is  reduced  to  a  minimum. 
Figure  4-12  shows  how  the  system  ground  is  hooked  up  to 
the  service  entrance.  The  size  of  the  system  grounding 
conductor  is  based  on  the  size  of  the  service  conductors. 
On  a  normal  installation,  service  conductors  No.  2  or 
smaller  need  a  No.  8  grounding  conductor.  The  NEC 
specifies  the  size  conductor  to  be  used  with  various  sizes  of 
service  conductors,  but  in  no  case  may  it  be  smaller  than  12 
Vz  percent  of  the  area  of  the  largest  service  conductor. 

Equipment  Grounding,  Equipment  grounding  consists 
of  connecting  all  exposed  ncncurrent-carrying  metal  parts 
of  the  electrical  system  to  the  earth.  This  includes  conduit 
or  other  raceways,  outlet  boxes,  switch  and  panelboard 
inclosures,  and  electrical  equipment  with  exposed  metal 
parts.  Grounding  reduces  the  possibility  of  shock  or  injury 
to  people  in  case  a  live  conductor  contacts  any  of  these 
conductive  parts.  Take  another  look  at  figure  4-12.  As  you 
can  see,  the  metal  conduits  entering  the  inclosure  are 
bonded  together.  These  conduits  are  then  bonded  to  the 
grounding  bus  bar.  The  conduit  entering  at  the  right  of  the 
inclosure  also  serves  as  an  equipment-grounding  conductor 
for  the  rest  of  the  electrical  system.  The  bonding  jumper 
from  the  grounding  bus  bar  to  this  conduit  grounds  the 
service  entrance  conduit,  in  addition  to  being  an  equipment 
ground.  Bonding  jumpers  are  made  of  copper.  l*hose  that 
bond  service  equipment  are  sized  the  same  as  the  grounding 
electrode  conductor.  The  bonds  used  for  equipment 
grounding  are  sized  the  same  as  the  equipment  grounding 
conductors. 


4-5.  Grounding 

An  electrical  system  must  provide  for  the  protection  of 
life  and  property  when  faults  develop  from  system 
breakdown,  lightning,  and  failure  of  equipment  and 
appliances  connected  to  the  system.  Consequently,  all 
metal  parts  and  inclosures  of  the  wiring  system  plus  the 
neutral  conductors  must  be  tied  together  and  then  grounded 
to  earth  to  reduce  the  electrical  potential  to  zero.  Electrical 
grounding  consists  of  two  types:  system  grounding  and 
equipment  grounding. 
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Exercises  (240): 

1.  Why  are  all  noncurrent-carrying  metal  parts  of  an 
electrical  system,  plus  the  neutral  conductors,  tied 
together  ^nd  grounded  to  cauh? 


2.  What  are  the  types  of  electrical  grounding*? 
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Figure  4-1 1 .  GFCI  installation. 


3.  What  could  happen  to  an  electrical  system  without  a        6.  List  the  parts  of  the  electrical  system  that  are 
ground  that  accidentally  comes  in  contact  with  high  connected  together  to  provide  equipment  grounding, 

voltage? 


4.  How  is  the  size  of  the  grounding  conductor  to  be  used 
on  an  electrical  system  determined? 


7.  What  is  the  purpose  of  equipment  grounding? 


5.  What  number  grounding  conductor  does  a  No.  4 
service  conductor  require? 


8.  What  connects  the  metal  conduits  entering  the  service 
inclosure  to  the  grounding  bus  bar? 


9.   How  is  the  size  of  bonding  jumpers  used  for  equipment 
grounding  determined? 
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Figure  4-12.  System  grounding. 
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241.  Specify  installation  procedures  for  system  nnd 
equipment  grounds. 

System  Grounds.  An  effective  ground  for  an  electrical 
system  must  provide  continuity,  adequate  capacity,  and 
permanence.  The  NEC  specifies  the  types  of  grounding 
electrode  systems  that  meet  all  of  these  requirements. 

Normal  ground  electrodes*  When  available,  a  metal 
underground  water  pipe  tha^.  has  direct  contact  of  10  feet  or 
more  with  the  earth  serves  as  the  primary  grounding 
electrode.  If  the  piping  system  contains  a  water  meter, 
insulated  joints,  or  nonmetallic  sections,  bonding  jumpers 
have  to  be  installed  around  these  units  to  insure  continuity, 
fhc  underground  water  pipe  must  be  supplemented  with  at 
least  one  other  grounding  electrode.  Ihis  added  electrode 
can  be  an  effectively  grounded  metal  frame  of  a  building,  a 
steel  reinforcing  bar  in  the  bottom  of  a  concrete  foundation 
or  footing,  at  least  20  feet  of  No.  4  or  larger  solid  copper 
conductor  buried  21/2  feet  deep;  or  a  made  electrode.  The 
two  electrodes  are  bonded  together  so  they  will  have  the 
same  ground  potential. 

Alternate  ground  electrodes^  When  the  above  electrode 
system  is  not  available  for  grounding,  one  or  more  other 
electrodes  may  be  used.  These  may  be  some  type  of 
installed  system  or  a  made  electrode.  One  usable  system  is  a 
metal  underground  gas  piping  system  that  does  not  have 
insulating  sections  or  joints  or  nonconductive  coating,  if  its 
use  is  permitted  by  the  gas  supplier.  Also,  other  metal 
underground  systems  or  structures,  such  as  a  heating  system 
or  an  underground  tank,  make  suitable  electrodes. 

Made  electrodes.  Electrodes  can  be  made  from  pipe, 
rods,  or  plates.  Pipe  or  conduit  should  be  3/4  inch  or  more 
in  diameter,  and  galvanizied,  if  made  of  iron  or  steel. 
Steelrod  electrodes  should  be  5/8  inch  or  larger  in  diameter. 
Nonferrous  rods  can  be  as  small  as  1/2  inch  in  diameter.  A 
rod  with  a  star-shaped  cross  section  is  preferable  to  a  round 
rod  because  it  is  stiffer  for  the  same  cross-sectional  area.  It 
also  provides  a  much  larger  contact  surface  with  the  soil. 
When  metal  plates  are  used  for  electrodes,  they  should  have 
at  least  2  square  feet  of  area  exposed  to  the  earth.  Steel 
plates  should  be  at  least  1/4  inch  thick,  while  nonferrous 
plates  can  be  as  thin  as  0.06  inch. 

Pipe  or  rod  electrodes  should  be  driven  to  a  depth  of  8 
feet  unless  underlying  rock  interferes.  A  driving  point 
should  be  used  on  the  end  of  the  pipe  to  ease  driving.  A 
protective  cap  will  prevent  damage  to  the  pipe  top  from  the 
sledge  hammer.  When  rock  is  less  than  4  feet  deep,  a  trench 
must  be  dug  to  below  permanent  moisture  level  and  at  least 
8  feet  of  electrode  buried  in  it.  Plate  electrodes  need  to  be 
buried  below  permanent  moisture  level,  which  normally 
means  at  least  21/2  feet  deep.  Where  soils  are  corrosive, 
electrodes  made  of  copper  or  other  corrosion  resistant  metal 
should  be  used.  The  durability  of  galvanized  steel  is  too 
unpredictable  to  use  under  such  conditions.  Paint  lacquer, 
parafHn,  or  other  protective  coatings  must  be  removed  from 
electrodes  before  they  are  installed. 

Ground  electrode  resistance.  After  ground  electrodes 
have  been  selected  or  installed,  a  check  for  resistance 
should  be  made.  A  reasonably  accurate  check  can  be 
performed  by  collecting  an  ohmmeter  between  the 
electrodes  to  be  usetj  and  taking  a  reading  of  the  resistance. 


EKLC 


When  a  single  made  electrode  is  to  be  checked,  drive  a 
second  ground  rod  6  feel  from  the  made  electrode  and  take 
an  ohmmeter  reading  between  them.  The  resistance 
between  the  electrodes  and  the  earth  must  be  25  ohms  or 
less.  A  resistance  higher  than  this  requires  the  installation  of 
one  or  more  added  electrodes  to  bring  the  resistance  down. 
Any  added  electrodes  must  be  6  feel  or  more  from  the 
existing  electrodes. 

Grounding  electrode  conductor.  The  grounding 
electrode  conductor  connects  the  grounding  bus  bar  of  the 
service  equipment  with  the  grounding  electrode.  The 
grounding  electrode  conductor  may  be  of  copper, 
aluminum,  or  copper-clad  aluminum.  It  must  be  resistant 
to  any  existing  corrosive  condition.  This  conductor  can  be 
solid  or  stranded;  insulated,  covered,  or  bare;  and  must  not^ 
have  any  joints  or  splices.  The  grounding  electrode 
conductor  has  lo  have  a  protective  covering,  such  as  metal 
conduit  or  cable  armor  if  it  is  smaller  than  No.  6.  A  No.  6 
conductor  can  be  installed  without  a  protective  cover, 
provided  it  is  fastened  rigidly  to  the  construction  and  is  not 
subject  to  damage.  No.  4  and  larger  conductors  do  not  need 
a  protective  covering  unless  they  are  installed  where  severe 
d^Tiage  may  occur.  The  grounding  electrode  conductor 
must  be  anchored  fimily  to  the  grounding  electrode.  One 
method  is  by  use  of  a  clamp  assembly.  One  type  of  these 
clamps,  as  shown  in  figure  4-13,  is  designed  for  use  with 
rigid  conduit.  Any  paint,  wax,  or  other  nonconductive 
material  must  be  removed  completely  before  the  clamp  is 
installed  onto  the  grounding  electrode.  Make  sure  that  both 
the  protective  covering  and  the  grounding  electrode 
conductors  are  attached  securely  to  the  grounding  clamp. 

Protective  metal  inclosures  for  grounding  electrode 
conductors,  must  be  electrically  continuous  from  the 
service-equipment  cabinet  to  the  grounding  electrode.  A 
break  in  the  protective  covering  requires  each  end  of  the 
break  to  be  bonded  to  the  grounding  conductor.  Solder  is 
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Figure  4-13.  Grounding  electrode  clamp  assembly. 
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not  to  be  used  to  make  any  connection  in  an  electrical 
grounding  system.  Aluminum  or  copper-clad  aluminum 
grounding  conductors  may  not  be  installed  in  direct  contact 
with  a  masonry  surface,  the  earth,  or  where  corrosive 
conditions  exist.  Also,  these  conductors,  when  used 
outside,  may  not  be  installed  closer  than  18  inches  to  the 
earth. 

Equipment  Grounds.  Equipment-grounding  conductors 
may  be  made  of  copper  or  other  corrosion-resistant 
material;  solid  or  stranded,  insulated,  covered,  or  bare. 
This  conductor  can  be  wire,  ?ny  shape  bus  bar,  any  form  of 
metallic  conduit,  armor  of  armored  cable,  or  any  other  type 
of  raceway  approved  for  the  purpose.  Equip mcnt-groimding 
conductors  of  the  preceding  types  must  be  installed  with 
approved  fittings  and  terminations  tightened  with  suitable 
tools.  A  separate  grounding  conductor  is  required  in 
nonraetallic  cable  and  may  be  run  with  other  conductors  in 
a  raceway. 

Bare  equipment-grounding  conductors  are  permitted  and 
need  no  further  identitication.  Covered  or  insulated 
grounding  conductors  should  be  green  or  green  with  one  or 
more  yellow  stripes.  Conductors  with  other  than  a  green 
finish  used  as  equipment  grounds  must  have  the  covering 
stripped  at  eve  accessible  point  or  the  exposed  covering 
must  be  colored  green  or  ha%e  green  colored  tape  or 
adhesive  labels  applied. 

Exercises  (241): 

1 ,  What  is  thf  first  choice  for  a  ground  electrode  for  an 
electrical  system? 


7.  What  type  of  material  is  needed  for  made  electrodes 
where  installed  in  corrosive  soils? 


8.  What  should  you  check  for.  after  ground  electrodes 
have  been  selected  or  installed? 


9.  How  can  you  determine  if  grounding  electrodes 
provide  adequate  grounding  after  installation? 


10.  What  action  is  required,  if  any,  when  you  get  a  reading 
of  40  ohms  when  checking  the  ground  electrode? 


11.  To  what  part  of  the  electrical  system  must  the 
grounding  electrode  be  connected? 


12.  Describe  the  physical  characteristics  of  conductors 
which  may  be  used  for  grounding  electrode 
conductors. 


What  action  is  required  when  an  underground  water 
pipe  has  insulated  joints? 


1 3 .  Explain  the  installation  requirements  for  the  grounding 
electrode  conductor. 


3.  What  are  the  minimum  requirements  for  an  adequate 
ground  electrode  when  an  underground  water  pipe  is 
used  as  the  basic  electrode? 


14.  What  action  must  be  taken  if  the  protective  covering 
on  a  grounding  electrode  conductor  will  not  extend  for 
its  full  length? 


What  may  be  used  as  a  suitable  grounding  electrode 
when  an  underground  water-pipe  system  is  not 
available  in  a  building? 


15.  What  type  of  grounding  electrode  conductor  must  be 
used  where  it  will  be  fastened  to  a  concrete  wall  for  a 
portion  of  its  length? 


List  the  materials  with  their  corresponding  minimum 
size  that  can  be  used  for  made  electrodes. 


16.  A  grounding  electrode  protrudes  from  the  ground 
about  9  or  10  inches.  What  type  of  conductor  will  be 
used  as  a  grounding  electrode  conductor? 


Describe  installation  of  a  steel  rod  electrode  in  an  area 
where  rock  is  encountered  at  a  depth  of  42  inches. 


17.  State  the  main  requirement  for  an  equipment  ground 
conductor. 
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Figure  4-14.  Feeder  arrangement. 


18.  What  is  used  to  ground  equipment  when  wiring  is  done 
with  nonmetallic  cable? 


19.  An  equipment  ground  is  to  be  installed  using  a  black 
insulated  wire.  Specify  two  ways  this  conductor  can  be 
identified  as  an  equipment  ground. 


4-6.  Branch  and  Feeder  Circuits 

Depending  upon  a  building^s  size,  configuration,  and  its 
power  requirements,  a  number  of  branch  and  feeder  circuits 
may  be  needed  to  deliver  power  to  the  various  fixtures  and 
equipment  that  are  to  be  installed.  In  this  section,  we 
discuss  the  purpose  of  these  circuits  and  how  they  are 
installed. 

242,  State  the  purpose  of  branch  and  feeder  circuits,  and 
list  the  methods  approved  for  their  installation. 

Purpose.  Electrical  circuits  installed  in  a  building  are 
either  branch  circuits  or  feeder  circuits.  Branch  circuits  run 
between  the  final  overcurrent  devices  and  the  outlets  for 
connecting  electrically  operated  equipment.  Feeder  circuits 
might  be  described  as  those  that  deliver  power  to  the  final 
overcurrent  devices. 
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Installation  Methods.  Small  buildings  usually  have  one 
main  distribution  panelboard  to  which  the  branch  circuits 
are  connected.  When  the  distribution  panel  is  combined 
with  the  service  equipment,  there  is  no  need  for  a  feeder 
circuit.  However,  when  the  distribution  panel  is  separate,  a 
feeder  circuit  is  needed  to  get  power  from  the  service 
equipment  to  the  distribution  panel. 

Larger  buildings  require  more  than  one  panelboard  to 
meet  their  power  needs.  Feeder  circuits  arc  installed  to 
supply  power  from  the  main  panelboard  to  panelboards 
installed  elsewhere  in  the  building,  as  shown  in  figure  4-14. 
Although  the  main  panelboard  may  be  used  for  both  branch 
circuits  and  feeder  circuits  it  is  usually  limited  to  feeder 
circuits.  A  separate  panelboard  (located  near  the  main 
panelboard)  for  needed  branch  circuits  is  normally 
preferred  to  dual  usage.  Most  of  the  panelboards  served  by 
a  feeder  circuit  arc  used  lor  branch  circuits.  In  some  cases, 
a  panelboard  at  the  end  of  a  feeder  circuit  becomes  a 
junction  point  to  which  subfeeders  are  attached.  These 
subfeeders,  in  turn,  supply  branch  circuit  panelboards. 
Consequently,  through  the  installation  of  feeder  circuits,  it 
is  possible  to  us.  a  single  set  of  large  conductors  to  replace 
several  long-  length  small  conductors  that  are  required 
when  all  branch  circuits  connect  to  the  main  entrance 
panelboard.  Feeder  circuits  allow  panelboards  to  be  located 
so  that  the  wiring  needed  for  branch  circuits  is  greatly 
reduced.  Generally,  such  circuit  arrangements  reduce 
voltage  loss  in  the  conductors  and  save  material  and  labor. 

Branch  and  feeder  circuits  may  be  installed  by  any 
method  approved  by  the  NEC  for  the  installation  of 
electrical  circt.ts.  The  main  objective  is  that  circuits  be 
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installed  to  keep  troubles  and  hazards  at  a  minimum 
consistent  with  existing  conditions.  Nonmetallic  cable 
commonly  is  used  for  circuits  where  they  are  not  subject  to 
damage  or  excessive  dampness.  Circuits  may  also  be 
installed  in  metal  raceways,  rigid  nonmetallic  raceways, 
and  cable  trays.  Feeder  circuits  can  be  installed  with  a 
common  neutral  to  serve  two  or  three  sets  of  3-wire  feeders, 
or  two  sets  of  four-  or  five-wire  feeders.  Feeders  installed  in 
a  metal  raceway  and  that  use  a  common  neutral  must  have 
all  the  conductors  involved  inclosed  in  the  same  raceway.  A 
feeder  that  supplies  branch  circuits  having  grounded 
conductors  must  provide  a  grounding  means  to  which  the 
branch  circuit  grounding  conductors  are  connected. 


5.  What  are  three  advantages  of  using  feeder  circuits  in  a 
bP'Ming  instead  of  just  having  branch  circuits? 


What  is  the  main  objective  when  installing  electrical 
circuits? 


Exercises  (242): 
I .  What  is  a  branch  circuit? 


7.  Which  method  is  commonly  used  for  circuit 
installation  when  there  is  little  chance  of  damage  or 
moisture  contamination? 


2.  Where  is  a  feeder  circuit  found  in  a  building  that  has 
only  one  panelboard? 


Besides  the  method  used  in  the  preceding  exercise,  list 
three  other  general  methods  of  installing  electrical 
circuits. 


3.  Most  panelboards  furnished  power  by  feeder  circuits 
are  used  for  what  purpose? 


4.  What  is  the  purpose  of  subfeeders? 


9.  What  are  the  special  installation  requirements  when  a 
common  neutral  is  used  with  two  or  more  feeder 
circuits  to  be  installed  in  a  metal  raceway? 
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CHAPTER  5 


Planning  and  Laying  Out  Work 


THE  FIRST  THING  you  will  need  WcWmv  umMupling  lo 
install  any  circuit  is  something  lhai  tells  you  exactly  what 
size  the  circuit  is  and  where  the  circuit  is  to  he  locateii.  This 
information  usually  is  contained  in  a  blueprint  or  drawing  of 
some  kind.  Therefore,  it  is  necessary  that  you  are  able  to 
read  and  interpret  drawings  and  blueprints. 

5-1.  Blueprint  Reading 

It  has  been  said  that  a  picture  is  worlh  a  thousand  words. 
Every  day  you  can  see  that  this  is  true  by  just  observing 
your  surroundings.  People  have  used  pictures  to  convey 
their  thoughts  for  centuries.  It  would  be  difficult  for  an 
engineer  or  architect  to  describe  the  exact  length,  width,  or 
height  of  a  building  or  what  the  finished  product  will  look 
like  without  a  'awing  of  some  type.  A  word  description  of 
a  building  would  be  very  long  and  hard  to  read.  Like  other 
workers  in  the  building  trades,  you  need  blueprints  and 
drawings  to  tell  you  where  a  circuit  is  to  be  located,  what 
size  it  will  be,  and  to  provide  other  dt:tails  about  the 
electrical  installation. 

243.  Define  the  term  ^^bluepriiU,"  identify  the  parts  of  u 
blueprint  or  drawing,  and  match  the  symbols  used  in 
electrical  drawings  with  the  correct  label  or  iiaino. 

Parts  of  a  Blueprint.  Blueprints  are  a  bct  of  instructions 
on  how  to  construct  a  building  or  some  other  structure. 
They  show  certain  information  that  could  not  i)e  given  by 
words  alone.  The  term  **blueprint**  originally  came  from  a 
printing  process  that  used  blue  paper  with  white  lines  and 
symbols.  This  process  has  since  been  reversed,  and  now 
you  get  white  paper  with  blue,  black,  or  hrown  lines,  but 
the  term  has  carried  over  and  in  common  usage  today. 
They  are  also  called  plans  or  drav\'ings.  These  blueprints  or 
plans  show  by  means  of  lines  and  symbols  the  shape  and 
size  (by  reduction  to  scale)  of  a  structure,  the  materials 
required,  and  the  location  of  fixtures  and  outlets. 

The  set  of  plans  drawn  up  by  an  architect  or  engineer, 
containing  all  of  the  information  and  dimensions  necessary 
to  cany  a  job  through  to  completion,  are  called  working 
drawings.  Reproductions  of  these  drawings  are  called  a  set 
of  blueprints.  In  order  for  you  to  be  able  to  read  these 
drawings,  you  must  know  what  the  lines,  scales,  and 
symbols  mean  and  how  to  apply  them. 

Plot  plan.  The  plot  plan  is  the  starting  point  foi  any 
building  that  is  to  be  constructed.  It  shows  where  the 
building  is  to  be  placed  on  the  plot  of  land  or  property  and 
shows  the  shape  and  dimensions  of  the  plot.  When  the  plot 
plan  is  bounded  by  streets  or  drives,  such  information  is 
also  shown. 


The  plot  plan  aids  the  electricians  by  showmg  the  point 
whi\e  the  service  drop  from  the  pole  is  to  be  connected  or 
what  route  the  cable  will  need  to  be  run  for  an  underground 
service, 

IZxttrior  elevations.  The  exterior  elevation  drawings 
show  views  of  the  finished  exterior  sides  of  the  buildings. 
They  show  exterior  trim,  finish,  window  and  door 
openings,  roofing,  and  brickwork.  Finished  gradelines  and 
lloorlines  are  also  shown.  You  may  find  this  information 
helpful  in  locating  outside  lights  and  receptacle  outlets. 

Interior  elevations.  The  interior  elevations  show  views 
of  inside  wall  space  that  contain  counters,  sinks,  cupboards, 
and  other  special  features.  These  drawings  can  be  of  great 
help  in  determining  where  to  place  receptacle  outlets  and 
sv.'icches  in  kitchens  and  bathrooms.  Th'^  material  that  is  to 
be  used  for  walls  also  affects  the  depth  to  which  the  boxes 
will  be  mounted. 

Sectional  or  detail  drawings.  These  drawings  are  often 
added  to  others  to  show  a  specific  detail.  They  may  be  a 
cross-sectional  view  of  the  building  supports  or  foundation. 
They  could  be  used  to  show  story  height  and  ceiling  height. 
They  may  be  used  to  show  what  floors  are  made  of,  whether 
they  have  wooden  joists  or  some  other  type  of  construction. 
Any  of  these  things  might  infiuence  the  method  of  doing 
electrical  work  and  the  kind  of  material  that  is  to  be  used. 

Floor  plan.  This  drawing  is  the  one  most  used  by  an 
electrician.  It  shows  exactly  what  the  name  implies,  a  plan 
of  the  floor.  The  drawing  includes  the  layout  of  all  interior 
and  exterior  walls,  including  windows  and  doors.  It  also 
shows  all  the  wiring  requirements.  A  typical  Hoor  plan  is 
shown  in  figure  5-1 . 

All  of  the  drawings  mentioned  thus  far  are  proportional 
reductions  of  the  final  structure.  The  amount  of  reduction 
depends  on  the  size  drawing  desired.  Dimensions  in  feet  are 
reduced  to  parts  of  an  inch.  For  example,  1  foot  may  be 
reduc'^d  to  1/4  or  1/8  of  an  inch.  The  reduction  is  called  the 
scale  oi  the  drawing.  If  the  scale  of  a  drawing  is  1/4"  =  T,  a 
I -inch  line  would  represent  4  feet  on  the  actual  structure. 

Symbols.  The  location  of  outlets,  switches,  fixtures, 
etc,  is  shown  on  a  floor  plan  by  means  of  pictures  that 
represent  the  actual  device.  These  pictures  are  called 
symbols  and  are  standardized,  for  ease  of  understanding,  by 
those  who  make  the  drawings  and  those  who  read  the 
drawings.  A  set  of  standard  symbols,  put  out  by  the 
American  National  Standards  Institute  (ANSI),  is  used  for 
electrical  blueprints  and  drawings.  A  few  of  the  more 
common  symbols  you  will  see  and  use  are  shown  in  figure 
5-2.  You  should  learn  these  symbols  and  be  able  to 
associate  the  symbol  with  the  wiring  device  it  represents. 

Legends  and  Specir.cations.  Legends  used  with  Hoor 
plans  or  other  drawings  are  a  clarification  of  the  symbols 
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DINING  ROOM 


/  /       LIVING  HOOtA 

6  .ft--/--o 


?.9' 


O  CEILING  OUTLET 
"O  WALL  BRACKET 
^    DUPLEX  RECEPTACLE 

^    DUPLEX  flECEPTACLE  -  ONE  HALF  SWITCii  CCiv'rKCI  L  tD 

DUPLEX  RECEPTACLE  -  WEATHERPRGOr-GrCT 
^    SPECIAL  OUTLET 

S-S3-S4  SWITCHES  -  SINCLE  POLE,  3-VVAr.  1  \/.V. 
Figiire  5-1 .  Typical  floor  plan. 


used  on  that  particular  drawing.  (See  fig.  5-1,  lower  right- 
hand  comer.)  The  legend  helps  other  workers,  who  may  not 
be  familiar  with  electrical  symbols,  determine  where  outlets 
and  switches  will  be  installed.  It  can  also  be  of  help  to  the 
electrician  if  standard  symbols  are  not  used. 

Specifications  arc  also  a  vital  part  of  a  set  of  drawings. 
They  arc  used  to  clarify  information  shown  on  the 
drawings.  They  arc  written  instructions  that  pertain  to  the 
materials  that  will  be  used  to  complete  the  job.  Some  of  the 
things  included  in  the  specifications  may  be  types  and  kinds 
of  materials,  dimensions,  colors,  quality,  finishes,  and 
other  details.  * 'Specs"  also  give  a  running  account  of  the 
installation  of  the  electrical  equipment  on  a  job.  This  will 
enable  the  electrician  to  go  ahead  with  the  job  even  though 
a  similar  job  has  never  been  done. 

Exercises  (243): 

1.  What  is  a  blueprint? 


2.  List  five  of  the  drawings  usually 
blueprints. 


».u'hK  i:if  III  :\  :^vA  of 


3.  What  is  included  in  a  plot  plan  that  would  Ik-  liclpfii!  (o 
an  electrician? 


4.  Describe  an  exterior  elevation. 
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BASIC  SYMBOL::! 


—nsm^ 


1 

T 
+ 


Battery 

Coil  or  Winding 
Electromagnet 
Resistor 
Rheostat 

Switch,  Single  Pole»  Single 
Throw 

Fuse 


Switch,  2- Pole  Single 
Throw 


Switch,  Single  Pole, 
Double  Throw 


Switch,  2- Pole,  Double 
Throw 

Circuit  Breaker 


Contact,  Nornnally  Open 


Contact,  Nornnally  Closed 


Ceiling  Wall 


GENERAL  OUTLETS 

Ceiling  Wall 


o 

Outlet 

® 

Drop  Cord 

© 

-^C^  Clock  Outlet  Specify  VolUge 

© 

— Fan  Outlet 

© 

-^^^Exit  Light  Outlet 

© 

— Lamp  Holder 

® 

-^^^Junction  Box 

© 

— /^L  J  Lamp  Holder  with 
Pull  Switch 

© 

-^^Pull  Switch 

© 

J  Vapor  Discharge  Lamp 
Outlet 

© 

Blanked  Outlet 

Figure  5-2.  Symbols. 


CONVENiJETNCE  CUTLETS 


Duplex  Convenience  Outlet 


Weatherproof  Convenience 
Outlet 

Switch  and  Convenience 
Outlet 

Special  Purpose  Outlet, 
Describe  in  Specifications 


O 


Convenience  Outlet 
Other  Than  Duplex 
l  =  Single,   3  =  Triple,  Etc. 

Range  Outlet 

Radio  and  Convenience 
Outlet 

Floor  Outlet 


SWITCH  OUTLETS 


s 

Single  Pole  Switch 

s 

4 

Four-Way  Switch 

s 

3 

Three-Way  Switch 

s 

E 

Electrolier  Switch 

s 

D 

Automatic  Door  Switch 

s 

p 

Pilot  Lamp  and  Switch 

s 

K 

Key- Operated  Switch 

s 

WCB 

Weatherproof  Circuit 
Breaker 

s 

CB 

Circuit  Breaker 

s 

RC 

Remote  Control  Switch 

s 

MC 

Momentary  Contact  Switch 

s 

F 

Fused  Switch 

s 

WP 

Weatherproof  Switch 

s 

WF 

Weatherproof  Fused  Switch 

s 

2 

Double  Pole  Switch 

PANELS  AND  CIRCUITS 


Lighting  Panel 

Feeders  -  Use  Heavy  Lines 
and  Show  by  Number  Same 
as  in  Feeder  Schedule 

Branch  Circuit  Concealed 
in  Floor 


Power  Panel 

  Branch  Circuit  Concealed 

in  Ceiling  or  Wall 

Branch  Circuit  Exposed 


Home  Run  to  Panel  Board 

Number  of  Circuits  Indicated  by  Number  of  Arrowi 


Any  Circuit  Without  Further  Designation 
Indicates  a  Two-Wire  Circuit.   A  greater 
Number  of  Wires  is  Indicated  Thus 


-HH— 

(3  Wires)    or    (4  Wires) 


MISCELLANEOUS  SYMBOLS 


I  •  j  Pushbutton 

[T]     Electric  Door  Opener 
l^^^j  Controller 
j     J-*     Isolating  Switch 
Annunciator 


Buzzer 


□ 

I  H  I  Horn 

□ 


Fire  Alarm 
Station 


Bell 

^      Fire  Alarm  Bell 

Nurse's  Signal  Plug 


Radio  Outlet 

Figure  5-2.  Symbols  (contd). 
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Bell  Ringing 
Transformer 
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S.  Interior  elevacions  contain  what  type  of  information 
that  would  be  helpful  when  installing  outlets  and 
switches? 


7.  If  the  scale  of  a  drawing  is  1/8"  =  W  what  distance 
would  a  line  2  inches  long  represent? 


8.  Using  figure  5-3,  match  the  symbols  in  column  2  with 
6.  Which  of  the  blueprint  drawings  shows  the  layout  of  the  correct  label  or  name  in  column  I  by  placing  a 

all  the  walls  and  is  most  helpful  to  the  electrician?  number  in  the  blank  provided. 


CCa-UMN  1  COLUMN  2 

1.  SINGLE  POLE  SWITCH 


«. 

b.  -CD  2.  CEILING  OUTLET 

c.  S.  3.  POWER  PANEL 

d.  ®  4.  RANGE  OUTLET 

e.  =e  5.  FOUR— WAY  SWITCH 
L  6.  LIGHTING  PANEL 

g.  tar^^  7.  SPECL^L  PURPOSE  OUTLET 

h.  S  8.  JUNCTION  BOX  IN  WALL 

i.  O  9.  3— WIRE  BRANCH  CIRCUIT  CONCEALED 
j.  — -  10.  HOME  RUN  TO  PANEL 

k.  mm  11.  THREE-WAY  SWITCH 

L  S,  12.  BRANCH  CIRCUIT  EXPOSED 


m.      -^i^  13.  DUPLEX  CONVENIENCE  OUTLET 

CEQ-025 

Figure  5-3,  Symbol  identiflcation  (objective  243,  exercise  8). 
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AUTOtUTiC 
STATtOH 


•LOCK  OIA«IIAM 


V        /  sorrow 

\        /  STATION 


START 


/    MOTOR  \ 


CONNCCTtOM  DIAMAM 

Figure  5-4.  Electrical  diagrams. 


STOP 
0.  i 


/  MOTOR  \ 


ftCHCMATiC  OlA«llAM 

ceo- 10*  A 


244.  Identify  characteristics  of  electrical  diagrams. 

In  addition  to  the  drawings  in  a  set  of  blueprints,  you  will 
be  working  with  drawings  called  electrical  diagrams. 

Electrical  Diagrams.  A  diagram  is  defmed  as  a  line 
drawing  that  shows  arrangemer  or  relationship  of  parts. 
Electrical  diagrams  are  usually  used  to  show  how  parts  of  a 
piece  of  equipment  or  several  pieces  of  equipment  are  wired 
together.  There  are  basically  four  types  of  electrical 
diagrams.  These  diagrams  are  similar  to  each  other  and 
their  names  are  sometimes  used  interchangeably,  but  they 
do  have  differences. 

Block  diagram.  A  block  diagram  is  a  simple  drawing 
showing  the  relationship  of  major  parts  of  a  system.  Figure 
5-4,  far  left,  shows  a  block  diagram  of  a  motor  control 
system.  You  can  easily  see  why  it  is  called  a  block  diagram. 
The  parts  or  components  in  any  block  diagram  will  be 
shown  just  as  they  appear  in  tlas  drawing,  as  blocks.  They 
are  then  connected  by  a  line  or  lines  that  show  the 
relationship  of  the  parts.  Block  diagrams  are  often  used  to 
explain  power-  distribution  systems.  Figure  4-14,  in 
Chapter  4,  is  a  good  example  of  a  distribution  system  block 
diagram.  The  internal  connections  of  the  components  are 
not  shown  in  these  drawings.  The  blocks  are  simply  labeled 
to  show  what  each  represents.  These  drawings  would  be  of 
little  help  for  troubleshooting. 


Wiring  diagram.  The  wiring  diagram,  which  is  like  a 
picture  drawing,  shows  the  wiring  between  components  and 
the  relative  position  of  the  components.  The  second 
diagram  from  the  left  in  figure  5-4  shows  a  wiring  diagram 
of  the  same  motor  control  system  shown  by  the  block 
diagram.  You  can  see  that  instead  of  blocks  used  to  show 
components,  a  picture  of  the  component  is  used.  You  can 
also  see  that  the  lines  used  to  show  th^  wiring  are  marked 
numerically  or  alphanumerically.  Lines  LI,  L2,  and  L3  are 
incoming  power  leads  and  the  diagram  shows  which 
terminals  they  are  connected  to  in  the  starter.  Wiring 
diagrams  are  often  used  along  with  a  list  of  repair  parts  and 
can  be  used  to  do  some  troubleshooting. 

Connection  diagram.  The  third  diagram  shown  in  figure 
5-4  is  a  connection  diagram.  It  makes  use  of  diagram 
symbols  instead  of  pictures  to  show  components.  It  also 
shows  all  the  internal  and  external  circuit  connections,  and 
these  can  be  read  and  traced  more  easily  than  on  the  wiring 
diagram.  In  the  connection  diagram,  the  components  are 
still  shown  in  their  relative  positions.  This  diagram  can  be 
used  to  help  you  connect  all  the  wiring  and  trace  any  part  of 
the  circuit,  which  makes  it  a  very  valuable  troubleshooting 
tool.  It  is  often  found  inside  the  cover  of  a  piece  of 
equipment. 

Schematic  diagram.  The  schematic  diagram  is  a  drawing 
that  shows  the  electrical  plan  of  operation  of  a  piece  of 
equipment  or  component.  The  relative  position  of  parts  is 
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not  shown  in  this  type  of  diagram.  The  schematic  diagram, 
like  the  connection  diagram,  makes  use  of  symbols  instead 
of  pictures.  The  schematic  shown  in  figure  5-4  is  of  the 
same  motor  control  system  shown  in  the  other  three 
diagrams.  It  is  laid  out  so  that  the  components  are  in  line  to 
make  it  easy  to  trace  the  operation.  Notice  the  use  of  heavy 
and  light  lines  in  the  drawing.  In  this  case,  the  heavy  lines 
show  the  main  power  circuit  and  the  light  lines  show  the 
control  circuit.  The  schematic  is  sometimes  called  an 
elementary  or  one-line,  diagram  and  is  very  useful  in 
troubleshooting  or  tracing  the  plan  of  operation. 

Exercises  (244): 

Identify  each  correct  statement  by  placing  a  T  in  the  blank 
provided  and  an  F  for  those  that  are  false.  Correct  false 
statements. 

 1 .    There  are  basically  th-ee  types  of  electrical 

diagrams:  the  one-line,  blQck,  and  schematic 
diagrams. 


2.  The  three  diagrams  that  show  physical 
relationship  of  parts  or  components  are  the 
block,  wiring,  and  connection  diagrams. 


3.    The  block  diagram  is  often  used  to  show  or 
explain  power  distribution  systems. 


4.  Wiring  diagrams  often  use  pictures  to  show 
components  and  are  often  accompanied  by  a 
parts  list. 


5.  The  connection  diagram  is  the  only  diagram 
that  shows  relative  position  of  the  components, 
as  well  as  all  the  circuit  connections. 

6.  The  diagram  that  makes  it  easy  to  trace  the 
electrical  operation  is  called  the  wiring 
diagram. 
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where  connections  will  be  required,  and  how  the 
connections  are  color  coded.  It  will  be  similar  to  the 
electrical  diagrams  discussed  previously  and  will  show  as 
much  detail  as  the  electrician  wants  to  use.  Most  of  the  time 
you  will  need  to  make  a  working  sketch  to  help  you  in  the 
installation  of  circuits.  Here  is  an  example  of  how  it  is 
done.  Figure  5-5  is  part  of  the  floor  plan  of  a  house  (in  this 
case  a  bedroom).  The  symbols  show  ihat  there  is  a  home 
run  (incoming  power)  to  a  lighting  outlet  in  the  ceiling,  near 
the  center  of  thr,  room.  It  also  shows  that  this  lighting  outlet 
is  controlled  by  a  switch  just  inside  the  door.  The  remaining 
symbols  show  a  duplex  receptacle  outlet  on  each  wall;  the 
first  one  being  fed  from  the  ceiling  outlet.  The  other  outlets 
are  then  fed,  in  turn,  off  the  first  one.  All  circuit  runs  are 
shown  as  two  conductors  concealed  in  the  wall  or  ceiling. 

Now  what  we  know  that  the  floor  plan  shows,  let's  sec 
what  it  does  not  show,  and  then  take  a  look  at  a  woricing 
sketch  to  see  how  it  helps.  First  of  all,  the  floor  plan  docs 
not  show  the  circuit  connections  or  electrical  opera  tion,  as 
a  schematic  diagram  would.  There  is  nothing  in  the  drawing 
that  shows  where  splices  might  have  to  be  made  and, 
assuming  the  circuit  is  to  be  wired  with  cable,  there  is  no 
way  to  show  color  coding.  Figure  5-6  is  a  working  sketch  of 
the  floor  plan  shown  in  figure  5-5.  Several  things  have  been 
added  to  this  sketch  that  you  would  not  need  to  include  in  a 
sketch  of  your  own.  These  are  the  dotted  lines  that  represent 
boxes  and  the  heavy  lines,  and  symbols  taken  from  the  floor 
plan.  They  have  been  included  here  simply  to  clear  up  a  few 
points.  The  required  equipment  grounds  have  been  left  out 
to  avoid  confusion. 

Your  first  step,  if  you  were  drawing  the  sketch,  would  be 
to  draw  the  symbols  that  represent  all  the  devices  that  are  to 
be  in  the  circuit.  They  should  be  drawn  in  sequence, 
starting  with  the  outlet  that  is  connected  to  the  home  run. 
Notice  that  the  ceiling  outlet  in  figure  5-5  has  the  home  run, 
a  switch,  and  a  receptacle  outlet  connected  to  it.  It  should 
be  drawn  so  that  it  is  nearest  the  power  source  in  your 
drawing.  The  outlet  will  also  serve  as  a  junction  box  where 
splices  in  the  wiring  will  be  made.  After  the  symbols  are 
drawn,  you  should  add  the  terminal  connections  that  are 
required  at  each  outlet.  The  sketch  in  figure  5-6  shows  these 


terminals  as  S  (silver)  and  G  (gold)  at  the  ceiling  light  and 
the  receptacle  outlets.  The  two  terminals  at  the  switch  are 
not  marked.  The  final  step  is  to  connect  the  wires  and  color 
code  them.  Start  these  connections  at  the  power  source.  The 
floor  plan  shows  two  wires  in  the  home  run.  One  will  be  the 
hot  (black)  wire;  the  other,  the  neutral  (white)  wire.  At  the 
ceiling  outlet,  the  hot  wire  will  need  to  be  spliced  to  provide 
power  to  the  switch  and  to  the  gold  terminals  of  all  the 
receptacle  outlets.  The  ceiling  light  receives  its  power  from 
the  switch.  The  switch  is  put  in  a  loop  of  hot  v/ire  that  mns 
from  the  hot  wire  splice  just  mentioned  to  the  switch,  and 
from  there  back  to  the  gold  terminal  on  the  light.  As  you 
can  see  from  the  sketch,  this  hot  wire  loop  (switch  leg)  has 
both  a  white  and  a  black  wire.  Tbe  white  wire  goes  from  the 
splice  to  the  switch.  This  is  the  otiy  time  that  a  hot  wire  can 
be  white.  This  exception  is  allowed  by  the  NEC  when 
wiring  with  nonmetallic  sheathed  cable,  because  you  are 
limited  to  the  wire  colors  available  in  the  cable.  The  neutral 
wire  from  the  power  source  will  also  have  to  be  spliced  at 
the  ceiling  outlet  to  provide  a  neutral  for  both  the  light  and 
the  receptacles.  The  neutral  is  connected  to  the  silver 
terminal  of  the  light  fixture  and  of  all  the  receptacles. 


245.  Given  a  floor  plan  of  a  room  with  an  electrical 
circuit  shown,  translate  the  infomiation  from  the  plan 
by  drawing  a  working  sketch  to  show  how  the  circuit 
should  be  connected. 

As  you  have  learned  thus  far,  the  information  provided  in 
the  floor  plan  of  a  blueprint  is  limited  to  what  circuits  are  to 
be  installed,  the  devices  that  will  be  in  the  circuits,  and 
where  they  arc  located.  Circuit  diagrams  that  show  the 
actual  wiring  and  the  needed  connections  for  the  circuits  are 
not  provided  with  floor  plans.  Therefore,  before  you  can 
start  installing  the  circuits  and  components,  you  must  be 
able  to  translate  the  information  in  the  floor  plan  to  a 
working  sketch. 

Working  sketch,  A  working  sketch  is  a  drawing  or  sketch 
made  by  the  electrician  before  starting  the  required  woric.  It 
is  drawn  to  help  determine  what  size  boxes  will  be  needed. 
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Figure  5-6.  Working  sketch. 
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Exercises  (245): 

I .  Draw  a  working  sketch  of  the  circuit  shown  in  figure 
5-7.  Show  all  necessary  splices,  terminal  connections, 
and  conductor  identification. 


cco-ovr 


Figure  5-7.  Floor  plan  (objective  245 >  exercise  1). 


5-2  Calcui:jiting  Power  Requirements 

Calculating  a  wiring  system  from  beginning  to  end 
requires  a  broad  knowledge  of  principles,  tools,  and 
techniques.  Your  main  concern  when  calculating  a  wiring 
installation  is  safety.  Electrical  safety  refers  to  preventing 
fire  and  electrical  shock.  Your  key  to  success  in  calculating 
an  electrical  system  is  using  a  proven  standard  of  the 
construction  industry.  The  standard  for  electrical 
construction  is  the  National  Electrical  Code,  (NEC) 
sponsored  by  the  National  Fire  Protection  Association. 

246.  Given  a  floor  plan  with  an  electrical  drawing, 
calculate  the  power  requirement  of  the  circuits  on  the 
plan. 

Calculating  Residential  Wiring.  To  aid  you  in  your 
study,  foldouts  1  and  2  are  provided  at  the  end  of  the 
volume.  Foldout  1  is  an  electrical  floor  plan  of  a  single 
dwelling;  foldout  2  is  an  electrical  floor  plan  of  an  industrial 
location.  Refer  to  the  foldouts  whenever  necessary. 

We  begin  our  calculating  lesson  using  foldout  1 ,  single 
dwelling.  The  loads  we  will  calculate  are  for  general 
lighting  circuits,  special-purpose  circuits,  and  the  power 
requirements  for  the  service  equipment. 


General  Lighting  Load.  The  general  lighting  load  is 
computed  on  the  watts  per  square  foot  basis.  NEC 
220-2(b)>  **In  determining  load  on  the  watts  per  square  foot 
basis,  outside  dimensions  of  the  building  shall  be  used,  not 
including  open  porches,  garages,  nor  unfinished  and  unused 
spaces  unless  adaptable  for  future  use."  The  term  ''unless 
adaptable  for  future  use**  means  basement  and  attic  areas 
that  could  be  converted  to  bedrooms  or  recreation  rooms  at 
a  later  time. 

To  find  the  square  footage  on  foldout  1,  multiply  the 
length  times  the  width,  or  57  feet,  the  length  of  the  back 
wall,  times  28  feet,  the  width  of  the  dining  room  and  living 
room  wall.  The  total  is  1596  square  feet.  This  is  not  our 
total  figure.  Look  at  foldout  1  closely.  The  measurement 
we  made  was  a  squaie  that  extended  across  the  back  wall 
and  down  the  right  hand  wall.  We  cut  across  the  open 
porch,  through  the  closet  and  bedroom  1,  and  through 
bedroom  2.  We  need  the  remainder  of  the  bedroom 
measurements  and  one  additional  measurement  to  complete 
"he  square  foot  calculation. 

The  lefi-hand  wall,  or  outside  wall  of  bedrooms  2  and  3, 
is  32  feet  long.  This  is  4  feet  longer  than  the  right-hand  wall 
of  28  feet.  To  figure  this  area,  multiply  4  feet  times  the  27 
feet  along  the  front  of  the  dwelling  to  the  porch.  The  total  is 
108  square  feet.  We  add  this  figure  to  our  original  figure  of 
1596  square  feet,  equaling  1704  feet  overall.  We  are  almost 
finished,  only  one  more  area  to  go. 

Now  we  will  calculate  and  subtract  the  open  porch.  Our 
first  calculation  used  4  feet  of  this  area  from  the  doorway 
out  to  the  front  edge  of  the  living  room  wall.  To  find  the 
width  of  the  porch,  add  the  two  front  walls,  27  feet  plus  22 
feet,  equaling  49  feet.  Subtracting  49  feet  from  the  rear  wall 
of  57  feet  leaves  8  feet,  or  the  width  of  the  porch.  Multiply 
the  8  foot  width  by  4  feet  for  32  square  feet  of  porch  area.  If 
we  subtract  the  32  square  feet  from  our  1704  square  feet 
overall,  we  find  the  total  square  footage  for  lighting  on 
foldout  1  at  1672  square  feet. 

NEC  table  220-2(b),  see  figure  5-8,  general  lighting 
loads  by  occupanices,  shows  the  unit  load  per  square  foot 
for  dwellings  is  3  watts.  Foldout  1  has  1672  square  feet. 
Multiply  1672  by  3  watts,  this  equals  5,016  watts,  our 
general  lighting  load. 

NEC  220-3(d)  ** Watts  per-square-foot  load  shall  be 
apportioned  evenly  among  branch  circuits."  To  find  the 
number  of  lighting  branch  circuits,  divide  5,016  watts  by 
115  volts.  This  figures  out  at  43.6  amps.  We  will  require 
three  lighting  circuits  on  foldout  1,  15  amps  each,  for  an 
evenly  distributed  load. 

Minimum  requirements  for  special  purpose  outlets.  We 
will  now  figure  the  minimum  requirements  for  special 
outlets  for  a  single  dwelling. 

a.  NEC  220-3(c),  requires  a  20-amp,  1500  watt 
dedicated  outlet  in  the  laundry.  You  can  see  this  outlet  on 
foldout  1 . 

b.  NEC  220-3(b)(2),  requires  two  or  more  20  amp  small 
appliance  branch  circuits  in  the  kitchen  and  dining  room. 
You  can  see  these  outlets  marked  A  and  B  on  foldout  1. 
Each  circuit  is  required  to  have  a  15(K)  watt  capacity. 

c.  NEC  210-23,  allows  branch  circuits  to  be  installed  for 
specific  loads.  On  foldout  1  we  have  five  branch  circuits 
installed.  A  heater  in  each  bath,  a  dryer  in  the  laundry 
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70-42 


NATIONAL  ELECTRICAL  CODE 


Tabl«  220-2(b).     General  Ughtine  Loads  by  Occupancies 


Typ«  of  Occupancy 


UnH  Load  p%9 
Sq.  FL  (Watta) 


Armories  and  Auditoriums 


i  Banks 


Barber  Shops  and  Beauty  Parlors 


Churches 


Clubs 


Court  Rooms 


^Dwelling  Units 


Garages  —  Commercial  (storage) 


Hospitals 


^Hotels  and  Motels,  inclr.ding  apartment  houses 
without  provisions  (ut  cooking  by  tenants 

Industrial  Commercial  (Loft)  Buildings 


Lodge  Rooms 


I  Office  Buildings 


Restaurants 


Schools 


Stores 


Warehouses  (storage) 


In  any  of  the  above  occupancies  except  one* 
family  dwellings  and  individual  dwelling  units 
of  multifamily  dwellings: 

Assembly  Halls  and  Auditoriums 
Halls.  Corridoi-s.  Closets 
Storage  Spaces 


I    For  SI  units:  one  square  foot  ■  0.093  square  ^neter. 

*  All  receptacle  outlets  of  20-ampere  or  'icss  rating  in  one-family  and  muUifamily 
dwellings  and  in  guest  rooms  of  hotels  and  riotels  leacept  those  connected  to  the  receptacle 
circuits  specified  in  Section  220-3(b);  shall  be  considered  as  outlets  for  general 
illumination,  and  no  additional  load  calculations  shall  be  required  for  such  outlets. 

**  In  addition  a  unit  toad  of  I  watt  per  square  foot  shall  be  included  for  general  purpose 
receptacle  outteu  when  the  actual  number  of  general  purpose  reccpucle  outleU  is 
unknown. 

ctQ*ia« 


Figure  5-8.  NEC  Table  220-2(b). 


room,  the  air  conditioner,  and  a  1/4-horse-power  fan  motor 
in  the  laundry  room. 

Service  Load.  We  are  now  ready  to  calculate  the  total 
service  load  of  foldout  1 . 

a.  Air  conditioning  at  12,500  watts. 

b.  Lighting  load  at  5,016  watts. 

c.  Small  appliance  load  at  3,000  watts. 

d.  Laundry  load  at  1,500  watts. 

e.  Dryerloadat  5,000  watts. 

We  did  not  calculate  the  1/4-horse-power  fan  motor  in  the 
laundry  room.  (NOTE:  10,  on  foldout  1,  reminds  us  the 
motor  in  the  laundry  room  was  figured  into  the  12.5  kW 
air-conditioning  unit  as  a  total  package  unit.  The  bathroom 
heaters  were  not  calculated,  because  NEC  220-30(5) 
requires  air-  conditioning  or  heating  loads,  whichever  is 


EKLC 


largest,  be  used  in  calculating,  but  do  not  use  both.  The 
reason  for  this  is  heating  and  cooling  are  not  operated  at  the 
same  time.) 

Our  final  calculation^  for  foldout  1,  were  computed  as 
follows: 

a.  The  air-conditioning  load  was  flgured  at  100  percent 
of  the  data  plate  rating  of  12,500  watts. 

b.  The  lighting  load,  small  appliance  and  laundry  load, 
and  the  dryer  wfere  added  together.  This  total,  14,5 16  watts, 
was  calculated  at  100  percent  of  the  first  10,000  watts  and 
40  percent  of  the  remaining  wattage  over  10,000  watts. 
This  was  40  percent  of  4,516  watts  or  1,806  watts.  We  use 
this  40  percent  factor,  assuming  very  few  families  will 
consume  over  10  kW  of  power,  100  percent  of  the  time.  In 
other  words,  we  estimate  every  single  electrical  circuit  will 
not  be  used  at  the  same  time. 
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total  calculated  load  is  the  air  conditioner  at  )2,500 
watts,  plus  the  first  10,000  watts  of  the  other  load,  plus  the 
remainder  of  the  other  load  (4,516  watts)  at  40  percent  or 
1 .806  watts.  The  total  is  24,306  watts  for  foldout  1 . 

Our  service  entrance  was  calculated  using  a  3-wire, 
115/230  volt  underground  service.  We  convert  24,306 
watts,  to  amps,  by  dividing  by  230  volts.  This  equals  105.6 
amps  for  our  service.  We  used  table  310-16,  NEC,  see 


figure  5-9,  and  found  #2  THW  copper  conductors  are  rated 
at  115  amps  in  a  raceway.  Our  main  fuses,  or  circuit 
breakers  were  selected  at  1 10  amps  by  using  the  following 
standard  ampere  ratings  for  fuses  and  inverse  time  circuit 
breakers:  15,  20,  25,  30,  35,  40,  45,  50,  60,  70,  80,  90, 
100,  110,  125.  150,  175,  200,  225,  250,  300,  350,  400, 
450,  500,  600,  700,  800,  1000,  1200,  1600,  2000,  2500, 
3000,  4000,  5000,  and  6000. 


ARTICLE  310— CONDUCTORS  FOR  GENERAL  WIRING  70-139 

Imh^  dimid.    AHow«bl«  Amp«ckU<itt  o9  InnuiaUd  Conductor* 
R«t»d  O-2000  Volta,  M*  to  90*C 


Not  More  Than  Three  Conductors  in  Raceway  or  Cable  or  Earth 
(Directly  Buried),  Based  on  Ambient  Temperature  of  30^C  (86^F> 
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tThe  load  current  rating  and  the  overcurrent  pro:ection  for  conductor  types  marked 
with  an  obelisk  (t)  shall  not  exceed  15  amperes  for      AWG,  20  amperes  for  12  AWG,| 
and  30  amperes  for  10  AWG  copper;  or  15  amperes  for  12  AWG  and  25  amperes  for  10 
AWO  aluminum  and  copper-clad  aluminum. 

*  For  dry  locations  only.  See  75^C  column  for  wet  locations. 


Figure  5-9.  NEC  Table  310-16. 
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BEDROOM  2 
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BATH 


■8KW  HEATER 
5NCLUDING  FAN 


BEDROOM 


LIVING  ROOM 


Figure  5-10.  Floor  plan  (objective  246,  exercise  1-7). 
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Exercises  (24d): 

Using  figure  5-10,  solve  the  following  problems  based  on  a 
3-wiic,  115/230  volt  power  source,  and  copper  conductors 
with  TW  insulation. 

1 .  Total  square  footage  of  the  building? 


6.  Size  of  service  entrance  conductors  required? 


7.  Size    of   service   entrance    overcurrent  protection 
required? 


2.  Total  wattage  for  lighting? 


3.  Number  of  lighting  circuits  required  at  1500  watts 
each? 


4.  List  the  recommended  and  special  circuits  required: 


5.  Compute  the  total  load  of  figure  5-10. 


247.  Given  specifications  for  an  industrial  lighting 
infitallation,  calculate  the  power  requirements  and 
determine  the  size  of  conductors  and  protective  devices 
required. 

Industrial  Wiring.  Industrial  wiring  is  different  from 
dwelling  wiring  in  several  ways. 

•  Most  industrial  wiring  is  exposed  in  conduit. 

•  Industrial  power  is  usually  3-  phase,  3-  or  4- wire 
systems. 

•  Industrial  wiring  normally  provides  power  to  large 
inductive  loads  like  motors,  ballasts,  and  transformers. 

•  A  separate  transformer  is  used  to  sicp  down  power  for 
low  voltage  lighting  and  appliances. 

•  The  lighting  load  is  calculated,  primarily  by  tfic  type  of 
fixtures  used. 


We  will  begin  our  calculations  on  foldout  2  with  the 
lighting  load  for  the  building,  starting  in  the  offices.  NEC 
2IO-22(b)  requires  the  load  on  a  ballast  operated  light 
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fixture  be  calculated  according  to  the  ampere  rating  of  the 
hallast.  The  note  on  foldout  2  tells  us  the  fluorescent 
fixture's  in  the  offices  have  ballasts  rated  at  2,6  amperes 
each,  rhoic  are  15  fixture  xultiplied  by  2.6  amps,  giving 
us  a  total  of  39  amps.  Converted  to  watts.  (IXE)  (39A  x 
120V)     4680  watts. 

I'igurc  5  8,  NLC  table  220^2(b)  at  the  bottom  of  the  page 
requires  adding  \  watt  per  square  foot  for  general  purpose 
outlets  in  the  offices  when  the  actual  number  is  unknown. 
The  office  %  measure  12  x  40  feet  or  480  additional  watts. 
Our  office  liyliting  load  is  now  4680  watts  4-  480  watts 
totaling  5«  160  watts. 

Wc  are  required  to  increase  this  load,  or  any  branch 
circuit  load  (hat  is  continuous  (load  is  expected  to  continue 
for  3  hours  or  more),  by  25  percent.  This  would  be  6,450 
wuUs  for  our  calculated  office  load. 

The  branch  circuit  protection  cannot  be  loaded  to  more 
than  80  percent  of  it's  rating  under  the  limitations  imposed 
by  NEC  210-22(c)  since  the  load  continues  for  a  long 
period  of  time.  A  20-amp  circuit  normally  can  supply  2400 
watts  of  power  (20A  x  120V)  but,  because  of  the  80 
percent  limitation,  the  circuit  will  only  carry  1920  watts  of 
power  (80  percent  of  2400  watts).  We  would  need  a 
minimum  of  four  branch  circuits  in  panel  B-2,  using  No.  12 
AWG  copper  conductors,  and  must  protect  each  circuit  with 
a  20  amp  circuit  breaker.  (NOTE:  AFM  85-24  limits  No. 
12  AWG  conductors  as  the  smallest  size  conductor  to  be 
used  for  general  wiring.  See  figure  5-9,  NEC  table  310-16, 
for  allowable  ampacities  of  insulated  conductors  No.  12  and 
larger.) 

The  machine  shop,  in  the  center  of  foldout  2,  has  16 
fiouresccnt  fixtures.  See  note  3.  Each  ballast  is  rated  at  1.7 
amps  on  277  volts.  16  fixtures  x  1.7  amps  equals  27.2 
amps.  Converting  to  watts  (27. 2A  x  277V)  =  7,534  watts. 
This  is  a  continuous  load  requiring  an  additional  25  percent 
of  7.534  watts  or  (7534W  4-  1883W)  =  8,417  watts,  for 
our  calculated  machine  shop  load. 

The  branch  circuit  protection  can  not  be  more  than  80 
percent  of  its  rating.  A  20-amp  circuit  on  277V  normally 
can  supply  5540  watts.  (80  percent  of  5540W  =  4432 
watts.)  We  would  need  a  minimum  of  two  branch  circuits 
on  panel  A-2,  using  No.  12  AWG  copper  conductors,  and 
must  protect  each  circuit  with  a  20-amp  circuit  breaker. 

The  hangar  area  lighting  is  calculated  using  NEC  220- 
2(c)(4),  '^outlets  for  heavy  duty  lampholders  are  calculated 
at  600  volt-amperes."  This  is  600  divided  by  277  volts  or 
2.16  amperes  for  each  light  fixture  in  the  hangar.  Foldout 
2,  note  1 ,  lists  16  fixtures  in  each  hangar.  16  x  2. 16  amps 
=  34.56  amps.  Converting  this  to  watts  equals  (34.56  x 
277V)  or  9,573  watts.  A  25-percent  increase  for  a 
continuous  load  is  9,573W  +  2,393W  =  11,966W. 

The  branch  circuit  protection  at  an  80-percent  rating 
equals  80  percent  of  5540W  (20A  at  277  V)  or  4432W.  We 
need  a  minimum  of  three  branch  circuits  in  each  hangar,  on 
No.  12  AWG  copper  conductors,  and  three  20  amp  circuit 
brcakers  installed  in  panels  A-1  and  A-2. 

Note  4  on  foldout  2  lists  the  requirements  of  several 
rooms  all  using  150-watt,  120-volt,  incandescent  fixtures; 
two  in  the  equipment  room,  four  in  the  latrine,  and  four  in 
the  break  room.  We  can  calculate  the  10  fixtures  at  10  x 
1 50  watts  oi  1 500  watts  total  for  the  three  rooms. 


Note  5  on  foldout  2  lists  4  fiouresccnt  fixtures  using  1.3 
amperes  per  ballast  in  the  battery  room.  (4  x  K3A)  = 
5.2A.  Converted  to  watts  (5.2  x  120V)  =  572  watts. 
Increase  this  by  25  percent  because  continuous  duty  equals 
715  watts.  A  ISA  breaker  at  120V  is  rated  at  1800  watts, 
derated  to  80  percent  it  can  safely  carry  1440  watts.  We  are 
still  required  to  use  #12  AWG  copper  conductors  from 
panel  C. 

There  are  no  notes  for  the  supply  room  or  welding  room 
lighting.  We  will  use  the  square  footage  of  the  rooms  and 
figure  5-8,  NEC  tabh  j20-2(b).  The  supply  room  is  18  x 
20  feet;  the  welding  room  is  11X12  feet.  The  two  rooms 
equal  492  square  feet.  Industrial  commercial  (loft) 
buildings  require  2  watts  per  sq.  ft.  492  x  2  =  984  watts 
total  for  the  two  rooms.  It  is  best  to  feed  the  supply  room 
from  panel  C  and  the  welding  room  from  panel  B-3  using 
15  amp  breakers  and  No.  12  AWG  copper  conductors.  This 
would  allow  the  occupants  of  the  rooms  to  have  local  access 
to  the  circuit  breakers. 

The  lighting  load  for  foldout  2  is  figured  by  adding  all  the 
lighting  calculations  we  made  for  each  subpanel. 


•  Panel  C,  totaled  1 ,735  watts. 

•  Panel  A-1  totaled  11 ,966  watts. 

•  Panel  B-1  totaled  0 

(no  lighting  connected). 

•  Panel  A-2  totaled  20,383  watts. 

•  Panel  B-2  totaled  6,450  watts. 

•  Panel  B-3  totaled  1-464  watts. 

Lighting  load  equals  41 ,998  watts 

on  foldout  2. 


Exercifies  (247): 

1.  Calculate  the  power  requirements  in  watts  for  20 
ballast-operated  fixtures  on  120  volts,  1.7  amps  per 
ballast. 


2.  Find  the  total  calculated  load  of  a  lighting  circuit  rated 
continuous  duty,  drawing  5,300  watts. 


3.  What  size  overcurrent  device  is  required  on  a 
calculated  lighting  load  of  4767  watts,  fed  with  277 
volts? 

4.  Calculate  the  load  in  watts  of  14  heavy  duty 
lampholders  fed  with  277  volts. 


5.  What  size  of  TW  copper  conductors  are  required  for  a 
branch  circuit  supplying  a  3200  watt  lighting  load  fed 
with  120  volts? 
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248.  Calculate  the  ampere  requirements  and  determine 
the  size  of  conductors,  physical  protection,  and 
protective  devices  required  for  a  motor  installation. 

Motor  Calculations.  There  arc  numerous  rules  for 
calculating  motor  installations.  The  rules  depend  primarily 
on  horse  power  (hp),  amperes  (A),  voltage  (V),  phases  (Ocf), 
the  type  of  rotor  used  in  the  motor,  and  the  code  letter  on 
the  motor  data  plate.  The  code  leller  is  used  lo  identify  a 
specific  motor's  locked-rotor  current  draw. 

Refer  to  foldout  2,  hangar  A  and  the  20  hp  motor  used  ru 
operate  the  hangar  doors.  The  drawing  shows  a  homerun  to 
panel  A-2  with  30<J>,  480V  power  supplied.  The  door  motor 
is  operated  by  an  autotransformer  providing  a  lower  starting 
voltage,  and  results  in  a  reduced  inrush  current  to  the  motor 
windings.  The  motor  has  a  squirreUcage  rotor  and  no  code 
letter  listed. 

^igurc  5-11,  NEC  table  430-150  lists  the  **FulMoad 
cu^.ciit.  .  .**  for  30(J),  AC,  motors.  Look  down  the  left-hand 
column.  The  hp  ratings  start  at  1/2  and  go  to  200.  Our  20  hp 
door  motor  is  in  the  center.  Now  move  across  the  table  lo 


the  right,  under  the  460  volt  column  of  the  first  section. 
Induction  Type  Squirrel -Cage  and  Wound-Rotor 
Amperes."  Our  20  hp  squirrel-cage  motor  is  rated  at  27 A. 
This  means  the  door  motor  will  draw  27 A  per  phase  at 
normal  running  speed.  This  is  the  amperage  we  use  for 
calculating,  and  usually  name,  full-load  current  (FLC). 

Now  that  we  know  our  motor's  FLC  we  can  determine 
the  conductors  needed  for  our  motors  branch  circuit.  NEC 
430-22  states,  **Ampacity  of  branch-circuit  conauctors  will 
be  not  less  than  125  percent  motor  FLC."  We  figure  this  by 
muhiplying  27A  x  125  percent  or  27A  X  1.25  equalling 
33.75A.  See  figure  5-9,  NEC  table  310-16,  **Allowable 
ampacities  of  Insulated  Conductors."  The  outside  columns 
are  wire  size.  The  left  half  is  for  copper  conductors  and  the 
right  half  is  for  aluminum-  or  copper-clad  aluminum 
conductors.  We  will  use  copper  conductors  and  TW 
insulation.  The  table  is  broken  down  into  temperature 
ratings.  The  60**  C  column  lists  our  type  of  insulation,  TW. 
We  are  looking  for  a  conductor  that  will  carry  33.75A.  The 
closest  is  40 A.  Move  to  the  left;  the  size  AWG  conductor 
we  need  is  No.  8  copper. 


ARTICLE  430— MOTOR  CIRCUITS.  CONTROLLERS  70-345 


Tabto  430-150.     Full-Load  Cumnt* 
ThrM-PtiAM  Att«rnatin9-Curr«nt  Motors 


Indifclfofi  Tfpm  Synctvonou*  Typ« 

SqulrT*l-C«««  and  Wmmd-Aotof  fUnlty  Pow«r  Factor 

AmparM  Am^raa 


HP 

115V 

230V 

4«0*' 

675V 

2300V 

230V 

4aov 

575V 

2300V 

4 

2 

1 

.8 

% 

5.6 

2.8 

1.4 

1.1 

1 

7.2 

3.6 

1.8 

1.4 

1V6 

10.4 

5.2 

2.6 

2.1 

2 

13.6 

6.8 

3.4 

2.7 

3 

9.6 

4.8 

3.9 

5 

IS  2 

7.6 

6.1 

22 

1 1 

9 

10 

28 

14 

1 1 

15 

42 

21 

17 

20 

54 

27 

22 

25 

68 

34 

27 

53 

26 

21 

30 

80 

40 

32 

63 

32 

26 

40 

104 

52 

41 

83 

41 

33 

50 

130 

65 

52 

104 

52 

42 

60 

154 

77 

62 

16 

123 

61 

49 

12 

75 

192 

96 

77 

20 

155 

78 

62 

15 

100 

248 

124 

99 

26 

202 

101 

81 

20 

125 

312 

136 

125 

31 

253 

126 

101 

25 

150 

360 

180 

•  144 

37 

302 

151 

121 

30 

200 

480 

240 

192 

49 

400 

201 

161 

40 

For  full-load  currents  of  208-  and  200-volt  motors,  increase  the  corresponding  230>yoit 
motor  full-load  current  bv  10  and  15  percent,  respectively. 

*  These  values  of  full-load  current  are  for  motors  running  at  speeds  usual  for  belted 
motors  and  motors  with  normal  torque  characteristics.  Motors  built  for  especially  low 
speeds  or  high  torques  may  require  more  running  current,  and  mullispeed  motors  will  have 
full-load  current  varying  \vith  speed,  in  which  case  the  nameplate  current  rating  shall  be 
used. 

t  For  90  and  80  percent  power  factor  the  above  figures  shall  be  multtplod  by  I.I  and 
1.25  respectively. 

Tbc  voluges  listed  are  rated  motor  voKages.  The  currents  listed  shall  be  permitted  fci* 
system  voluge  ranges  of  1 10  to  1 20,  220  to  240«  410  to  480,  and  550  to  600  volu. 

CNO-ltB 


Figure  5- 1 1 .  NEC  Table  430- 1  SO 
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Physical  protection  for  our  conductors  is  determined  by 
using  figure  5-12.  NEC  table  3A.  "Maximum  Number  of 
Conductors  in  Trade  Sizes  of  Conduit  or  Tubing/*  Start  on 
the  left-hand  column  and  find  the  insulation  type  you  need. 
Ours  was  type  TW.  Moving  to  the  right,  find  the  AWG  size 
conductor  calculated  for  the  circuit.  Ours  was  AWG  No.  8. 
The  remaining  columns  to  the  right  are  the  number  of 
conductors  allowed  in  the  corresponding  pipe  sizes  at  the 
top  of  the  table.  We  need  three  conductors.  The  1/2  inch 
conduit  will  only  hold  two  No.  8  conductors.  The  3/4  inch 
conduit  will  hold  four  No.  8  conductors.  We  will  plan  our 
physical  protection  of  the  door  motor  circuit  using  3/4  inch 
conduit. 

We  determine  the  branch  circuit  overcurrent  protection 
using  figure  5-! 3,  NEC  table  430-152.  "Maximum  Rating 
or  Setting  of  Motor  Branch  Circuit,  Short  Circuit  and 
Ground-  Fault  Protection  Devices."  To  use  this  table,  find 
the  hangar  door  motor  under  the  "Type  of  Motor"  column 
on  the  left.  About  a  third  o^  the  way  down  is  the  heading 
"Ail  AC  squirrel-cage  and  synchronous  motors  with 
autotransformer  starting."  Our  motor  is  under  30  amps  and 
has  no  code  letter.  Move  across  to  the  far  right  under  the 
"Inverse  Time  Breaker"  column.  Our  maximum  setting 
will  be  200  percent  of  the  motor's  PLC.  200  percent  of  27A 
equals  54A.  In  objective  246,  we  listed  the  standard  ampere 
ratings  for  fuses  and  inverse  time  circuit  breakers.  The 
closest  size  to  our  54A  calculation  without  going  over  is  SO 
amps. 

We  would  install  a  50A  breaker  in  panel  A-2  and  connect 
three  No.  8  TW  insulated  conductors  in  3/4-inch  conduit  to 


our  door  motor  in  hangar  A.  Hangar  B  has  the  same  motor 
installation.  The  only  change  to  the  calcuh  ons  is  that  the 
hangar  B  motor  feeds  from  panel  A- 1 . 

The  compressor  motor  in  hangar  A,  foldout  2,  is  10 
horsepower,  fed  from  panel  A-2,  and  the  home  run  shows  3 
phase.  There  are  no  notes  on  foldout  2  indicating  the  type  of 
motor,  that  is,  induction  or  synchroneous,  and  no  code 
letter  is  listed.  We  must  assume  the  motor  is  full  voltage 
starting.  Do  we  have  enough  information  to  calculate  the 
compressor  circuit? 

Sec  figure  5-11,  NEC  table  430-150.  A  10  Hp.  3<t).  AC- 
motor  on  460V  draws  14A. 

Using  14  amperes,  see  figure  5-13.  NEC  table  430-  152. 
(Remember  polyphase  means  3  phase.)  Our  compressor 
motor  can  be  found  using  the  kev,  "FULL  VOLTAGE 
STARTING".  We  had  no  code  letter  and  panel  A-2  uses 
in  verse- time  breakers.  Our  maximum  overcurrent 
protection,  then,  is  250  percent  of  14  amps  or  35  amps. 

The  conductor  must  be  rated  minimum.  125  percent  of 
the  motor  FLC.  125  percent  of  14A  =  17.5  A.  Using  figure 
5-9,  NEC  table  310-16,  and  TW  insulation  we  would  plan 
for  No.  1 2  copper  conductors. 

What  size  conduit  do  we  need  for  three  No.  12.  TW 
copper  conductors?  Figure  5-12,  NEC  table  3 A.  shows 
1/2-inch  conduit  will  hold  up  to  seven  No.  12  conduc:ors. 

The  sump  pump  motor  in  hangar  A  is  rated  1/2  hp.  220V, 
14>'  The  motor  has  a  squirrel-cage  rotor  and  code  letter  A. 
It  is  wired  With  TW  copper  conductors  to  a  inverse-time 
breaker.  (NOTE:  Use  figure  5-14  to  find  FLC  on  !<}) 
motors). 


Tmhf  3A.     Maximum  Number  of  Conductors  In  Trodo  8li«»  of  Conduit  or  Tubing 
(Based  on  Table  1.  Chapter  9) 


ConduH  Trada 

Stea 

(bicbaa) 

H 

1 

1H 

t 

3 

4 

4M 

5 

a 

Conductof 

Sl^a 

Typ«  Lattart 

AWQ.  MOM 

TW,  T,  RUH, 

U 

iS 

25 

44 

65 

99 

142 

RUW, 

12 

7 

12 

19 

35 

47 

78 

111 

171 

XHHW  (14  thru  8) 

10 

5 

9 

15 

26 

36 

60 

85 

131 

176 

8 

2 

4 

7 

12 

17 

28 

40 

62 

84 

108 

RHW  and  RHH 

U 

6 

10 

16 

«9 

40 

65 

93 

143 

192 

(without  outer 

12 

4 

8 

13 

24 

32 

53 

76 

1 17 

157 

covering). 

10 

4 

6 

11 

19 

26 

43 

61 

95 

127 

163 

THW 

8 

1 

3 

5 

10 

13 

22 

32 

49 

66 

85 

106 

133 

TW, 

6 

1 

2 

4 

7 

10 

16 

23 

36 

48 

62 

78 

97 

141 

T, 

4 

1 

3 

5 

7 

12 

.17 

27 

36 

47 

58 

73 

106 

THW 

3 

1 

2 

4 

6 

10 

15 

23 

31 

40 

50 

63 

91 

RUH\6  thru  2). 

2 

1 

2 

4 

5 

9 

13 

20 

27 

34 

43 

54 

78 

RUW  (6  thru  2), 

1 

1 

3 

4 

6 

9 

14 

19 

25 

31 

39 

57 

FEPB  (6  thru  2). 

0 

2 

3 

5 

8 

12 

16 

21 

27 

33 

49 

RHW  and 

00 

1 

3 

5 

7 

10 

14 

18 

23 

29 

41 

RHH  (with- 

000 

1 

2 

4 

6 

9 

12 

15 

19 

24 

35 

out  outer 

0000 

1 

1 

3 

5 

7 

10 

13 

16 

20 

29 

covering) 

2S0 

1 

2 

4 

6 

8 

10 

13 

16 

23 

300 

1 

2 

3 

5 

7 

9 

11 

14 

20 

3S0 

1 

3 

4 

6 

8 

10 

12 

18 

400 

1 

2 

4 

5 

7 

9 

11 

16 

SOO 

1 

1 

3 

4 

6 

7 

9 

14 

600 

1 

3 

4 

5 

6 

7 

11 

700 

1 

2 

3 

4 

5 

7 

10 

750 

1 

2 

? 

4 

5 

6 

9 

cco-izz 


Figure  5-12.  NEC  Table  3A. 
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ARTICLE  430— MOTOR  CIRCUITS.  CONTROLLERS  70-347 


Tabl«  43(K152.     Maximum  Rating  or  Satting  of  Motor  Braiiclv-CJrcult 
Short«Clrcult  and  QrounchFautt  Protacttva  Davlca^ 


Typa  of  Motor  

Single-phase,  all  typca 

No  code  letter   

All  ac  single-phase  and 
polyphase  squirrel-cage  and 
synchronous  motorst  with 
full-voltage,  resistor  or  reactor 
starting: 

No  code  letter   

Code  letter  F  to  V  

Code  letter  B  to  E  

Code  letter  A   

All  ac  squirrel>cage  and 
synchronous  motorst  with 
autotransformer  starting: 
Not  more  than  30  amps 

No  code  letter   

More  than  30  ampa 

No  code  letter   

Code  letter  F  to  V  

Code  letter  B  to  E  

Code  letter  A   

High-reactance  squirrel-cage 
Not  more  than  30  amps 

No  code  letter   

More  than  30  amps 

No  code  letter   

Wound-rotor  — 

No  code  letter   

Direct-current  (constant  voltage) 
No  more  than  50  hp 

No  code  letter   

More  than  SO  hp 

No  code  letter   


Porcont  of  Fug  Loii  Current 


D«lay 


Dual 

d#fw9fit 

(T1m*> 
May) 
(Fiioa 


kMtfin- 
tMiooua 

Trto 


•  Inva 
Hmm 


300 


300 
300 
250 
150 


250 

200 
250 
200 
150 


250 
200 
150 

150 
150 


175 


175 
175 
175 
150 


175 

175 
175 
175 
150 


175 
175 
150 

150 
150 


700 


700 
700 
700 
700 


700 

700 
700 
700 
700 


700 
700 
700 

250 
175 


250 


250 
750 
200 
150 


200 

200 
200 
200 
150 


250 
200 
150 

150 
150 


For  explanation  of  Code  Letter  Marking,  see  Table  430-7(b). 

For  certain  exceptions  to  the  values  speci6ed,  sec  Sections  430-52  through  430-54. 

*  The  values  given  in  the  last  column  also  cover  the  ratings  of  nonadjustaole  inverse  time 
types  of  circuit  breakers  that  mav  be  modified  as  in  Section  430-52. 

t  Synchronous  motort  of  the  low-torque,  low-speed  type  (usually  450  rpm  or  lower), 
such  as  arc  used  to  drive  reciprocating  compressors,  pumps,  etc.  that  start  unloaded,  do  not 
require  a  fuse  rating  or  circuit-breaker  setting  in  exoeu  of  200  percent  of  full-load 
current. 


CCQ-ltl 


Figure  5-13.  Tabic  430-152. 


Exercises  (248): 

Use  the  5ump  pump  information  provided  above  and  solve 
the  following  problems. 

1 .  What  is  the  full  load  current  rating? 


3.  What  type  of  conductor  insulation  is  used? 


4.  What  size  AWG  conductor  is  required? 


2.  What  size  maximum  overcurrent  device  is  required? 


5.  What  panel  in  hangar  A  feeds  the  sump  pump? 
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ARTICLE  430— MOTOR  CIRCUITS,  CONTROLLERS  70-343 


Tabl«  430  148.     FulM.o»d  Currents  in  A?vip«r«» 
Slnol«*Phas«  Alt«rnatlno-Curr«nt  Motor* 

The  following  values  of  fulMoad  currents  are  for  motors  running  at  usual 
speeds  and  motors  with  normal  torque  characteristics.  Motors  built  for 
especially  low  speeds  or  high  torques  may  have  higher  fulMoad  currents, 
and  multispccd  motors  will  have  fulMoad  current  varying  with  speed,  in 
which  case  the  nameplate  current  ratings  shall  be  used. 

To  obtain  fulMoad  currents  of  208-  and  200-volt  motors,  increase 
corresponding  230-volt  motor  fulMoad  currents  by  10  and  15  percent, 
respectively. 

The  voltages  listed  are  rated  motor  voltages.  The  currents  listed  shall  be 
permitted  for  system  voltage  ranges  of  1 10  to  120  and  220  to  240. 


HP 

11SV 

230V 

% 

4.4 

2.2 

S.8 

2.9 

7.2 

3.6 

9.8 

4.9 

13.8 

6.9 

1 

16 

8 

20 

10 

2 

24 

12 

3 

34 

17 

5 

56 

28 

80 

40 

ID 

100 

50 

ceo-120 


Figure  5-14.  Tabic  430-148. 


249.  Given  various  Information  on  tiie  remaining 
circuits,  calculate  problems  for  size  of  conductors, 
piiysical  protection,  and  protective  devices. 

Remaining  Calculations.  The  remaining  calculations 
needed  on  foldout  2  are  the  motors  in  the  shop  areas  and  the 
special  purpose  outlets.  The  remaining  motor  loads  are: 


Pipe  threader 
Jig  Saw 
Band  Saw 
Air  Handlers 
each). 
Lathe 
Heater 
Grinder 
Exhaust  Fan 
Drill  Press 


15  Hp  480V  3<J)  PLC  21  amps. 
1 5  Hp  480V  3<j)  PLC  2 1  amps . 
7.5Hp  480V  3i\>  PLC  1 1  amps. 
25Hp  480V  3<|>  PLC  27  amps  (2 


3/4Hp  240V  l<j>  PLC  6.9  amps. 
l/4Hp  240V  l<j>  PLC  2.9  amps. 
l/2Hp  240V  l<j>  PLC  4.9  amps. 
l/2Hp  240V  \^  PLC  4.9  amps. 
1 .5Hp  240V  14)  PLC  10  amps. 
The  special  purpose  outlet  for  the  welder  is  calculated  by 
converting  10  KVA  (10,000  volt  amps)  to  amperes.  We 
will  use  the  3<J>  formula  KVA  =  1.73  x  E  x  L  Substituting 
our  known  values  into  the  formula  we  can  solve  for  L 


I  = 


I0,000VA 
1.73  X  4a80V 


I0,000VA 
830.4V 


=  !2  amps 


Our  welder  circuit  requires  12A  per  <J).  To  prevent  nuisance 
tripping,  we  are  allowed  to  install  overcurrent  protection  at 
260  percent  of  the  calculated  load.  200  percent  of  12A  = 
24 A.  The  closest  rated  breaker  is  25 A.  The  branch  circuit 
conductors  would  be  #10  AWG  copper.  The  physical 
protection  used  is  3/4-inch  conduit. 


The  baiicry  charger  is  calculated  using  the  1<J)  formula: 
lOUOVA 

APM  88-15  requires  a  minimum  of  No.  12  copper 
conductors  and  a  15-amp  breaker  or  branch  circuits.  We 
would  run  1/2-inch  conduit  for  our  circuit  in  panel  C  to  the 
battery  charger. 

The  five  special-purpose  outlets  in  the  break  room  could 
be  run  individually  using  No.  12  AWG  copper  conductors 
in  1/2-  inch  conduit  from  panel  B-3. 

The  four  special -purpose  480V  outlets  in  hangar  A 
requires  No.  12  AWG  copper  conductors  in  4!/2-inch 
conduits,  run  from  panel  A-2. 

Hangar  B  special-purpose  outlets  have  the  same 
requirements  as  hangar  A,  but  feed  from  panel  A-1 . 

Calculating  the  service  and  subpanel  feeders  is  normally 
accomplished  by  a  worksheet.  List  individual  loads  down 
the  left  side  and  the  subpanels  across  the  top.  You  can  fill  in 
the  sheet  and  then  total  the  lighting  load,  motor  load,  and 
special  outlet  load  for  each  subpanel. 


Panel  C: 

Total  wattage  1735  divided  220V  =  7.8A 

Total  motor  load  =  4.9A 

25  percent  of  the  largest  motor  =  1 .2A 

Special  Purpose  Outlet  (charger)  =  15. OA 

Total  Calculated  Load  =  28.9A 
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Panel 

Total  motor  load 

25  percent  of  the  largest  motor 

Total  Calculated  Load 

PanelB-2: 

Total  wattage  5950  divided  220V 
Total  motor  load 
25  percent  of  the  largest  motor 
Total  Calculated  Load 

Panel 

Total  wattage  1 ,464  divided  220V 
Special  purpose  outlets  (total) 
Total  Calculated  Load 


29.6A 
2.5A 
32.1  A 


27.0A 
4.9A 
1.2A 
33. lA 


6.6A 
lOO.OA 
106. 6A 


Exercises  (249): 

1 .  Calculate  the  FLC  of  a  25  hp.  3f\>  induction  motor 
running  on  460  volts. 


Determine  the  size  of  branch  circuit  conductors 
required  for  a  motor  rated  at  35  amps.  FLC  calculate 
using  TW  insulation  and  copper. 


Determine  the  size  of  conduit  needed  fora*3<t),  3-wire 
branch  circuit,  rated  at  40  amps,  type  TW  copper. 


PanelA-1: 

Total  wattage  1 1 .966  divided  480V 
Total  motor  load 
25  percent  of  the  largest  motor 
Special  purpose  outlets  (Total) 
Total  Calculated  Load 

PanelA-2: 

Total  wattage  20.383  divided  480V 

Total  motor  load 

25  percent  of  the  largest  motor 

Special  purpose  outlets 

Total  Calculated  Load 


=  24.9A 
=  41. OA 
=  6.7A 
=  80.0A 
=  152.6A 


=  42.4A 
=  94.0A 
=  6.7A 
=  92.0A 
=  235.1 A 


Calculate  the  size  of  inverse  time  breaker  required  for 
a  motor  using  the  following  information.  3<J).  460V, 
squirrel-cage  rotor.  IVi  hp.  code  letter  B. 


Calculate  the  overcurrent  protection  for  a  3<j>.  240V. 
15KVA  welder  to  prevent  nuisance  tripping. 


Panel  B: 

Total  load  of  Panel  B-1 
Total  load  of  Panel  B-2 
Total  load  of  Panel  B-3 
Total  load  of  Panel  C 
Total  Calculated  Load  (240V) 


=  32. lA 
=  33. lA 
=  106.6A 
=  28. 9A 
=  200.7A 


We  now  convert  Panel  B  to  KVA  using  the  formula. 


KVA  = 


AXV 
1000* 


Substituting  our  figures. 
200.7A  X  240V 


1000 


=  48.16A1/A. 


This  is  our  calculated  load  of  the  step-down  transformer 
feeding  240  volts  to  panel  B.  The  next  size  transformer 
available  is  50  KVA.  Operating  from  480V,  3<t)  voltage, 
this  transformer  would  require  60  amp  protection  from 
panel  A. 


Panel  A  (Building  Main): 
Total  motor  load 
25  percent  of  tlie  largest  motor 
Total  load  of  Panel  A 1 
Total  load  of  Panel  A2 
Calculated  load  of  Panel  B 
Total  calculated  load 


=  54.0A 
=  6.7A 
=  152.6A 
=  235.1 A 
=  60.0A 
=  508. 4A 


250.  Calculate  the  service  required  for  an  industrial 
building. 

Service  Calculation.  The  service  for  foldout  2  is  based 
on  panel  A.  The  main  breaker  in  panel  A  must  be  larger 
than  508  amps.  The  next  size  breaker  above  500  amps  is 
600  amps.  This  value  is  larger  than  the  largest  TW 
insulated  copper  conductors  made.  (AFM  88-15.  Chapter 
17.  requires  that  all  conductors  No.  4  AWG  or  larger  be 
copper.)  Two  or  more  conductors  in  parallel  can  be  used  tn 
carry  the  higher  amperage. 

One  half  of  the  600  amps  equals  300  amps.  The  nearest 
conductor  to  tiMs  figure  is  500  MCM  Type  TW.  The  service 
could  consist  of  two  sets  of  four.  500  MCM  Type  TW 
conductors  in  two  V/i  inch  conduits.  However,  figure  5-9, 
states  "Not  more  than  three  conductors  in  raceway...."  By 
using  four  conductors  in  each  conduit,  we  lost  20  percent  of 
their  capacity,  or  20  percent  of  320  amps.  This  equals  256 
amps  per  conductor.  If  we  double  256  amps  for  two 
parallel  conductors,  they  only  have  a  512  amp  capacity. 

Now  look  at  THW  insulated  conductors  under  the  500- 
MCM  size.  They  are  rated  at  380  amps:  80  percent  of  380  is 
304.  Two  500-MCM  conductors  de-rated  to  80-pcrcent 
capacity  would  have  a  608-amp  potential. 
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The  service  for  foldout  2  will  be  calculated  with  a  600- 
amp  main  breaker,  two  parallel  sets  of  Type  THW  copper 
conductors,  500  MCM,  and  will  use  iwo  SVi-inch  conduits. 
(NOTE:  The  above  service  configuration  is  one  of  many 
possible  calculations.  Supply  conductors  could  be  even 
smaller  parallel  sets  for  ease  of  handling.  They  could  be  ran 
in  three  or  more  sets  of  conduiic  to  avoid  the  80  percent 
ampacity  penalty.)  The  main  things  to  remember  in 
paralleling  conductors  and  using  two  or  more  conduit  runs 
are: 

•  All  the  conductors  must  be  the  same  size  (cross-sectional 
area)  and  approximate  length. 

•  The  same  type  of  insulation  rating. 

d  Each  neutral  conductor,  if  used,  must  be  run  in  the 
conduit  with  it's  corresponding  phases. 

Exercises  (250): 

1.  What  size  main  breaker  is  required  for  a  calculated 
729-amp  load? 


2.  Determine  the  size  of  conductors  required  for  a 
calculated  load  of  315  amps  using  Type  THW  copper. 


3.  What  is  the  amperage  penalty  of  four  type  TH,  300- 
MCM  copper  conductors  in  conduit? 


4.  Calculate  the  service  conductors,  conduit  and  main 
breaker  required  for  a  calculated  3()>  four-wire  load  of 
A60  amps. 


5-3.  Planning  and  Coordinating  Operations 

Once  an  electrical  project  is  designed  and  engineered,  the 
final  outcome  is  a  woric  order  to  the  shop.  The  shop 
supervisor  should  go  through  the  work  order  package 
checking  to  be  sure  the  job  is  ready  to  release  and  schedule. 

We  will  cover  the  prcscheduling  steps  the  supervisor 
should  follow  in  two  parts:  planning  the  sequence  of  work 
operations  and  coordinating  electrical  woric  with  other 
shops. 

251.  Given  a  random  list  of  information  on  Job 
sequence,  put  the  information  in  logical  order  for  work 
accomplishment. 
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Sequence  of  Work  Operations,  The  main  objective  to 
establish  a  sequence  of  work  is  to  eliminate  nonproductive 
time  once  work  begins.  A  shop  supervisor  should  answer 

the  following  questions  before  scheduling  a  work  order  on 
the  AF  Form  56  ^  Base  Civil  Engineering  Weekly 
Schedule: 

a.  Whom  do  I  have  available  to  start  a  new  project? 

b.  How  many  personnel  will  be  scheduled  each  day? 

c.  Is  anyone  on  upgrade  training  that  could  benefit  by 
being  assigned  to  the  project? 

d.  Are  all  materials  in  the  CE  holding  area  or  designated 
supply  point? 

e.  Were  substitutions  of  materials  made  that  will  not  fit 
the  remaining  materials? 

/.  Will  secure  storage  be  available  at  the  work  site  for 
materials  and  tools  or  must  we  transport  them  back  to  the 
shop  each  night? 

g.  Arc  special  tools  required;  if  so,  are  they  available  and 
serviceable? 

h.  Is  the  worksite  a  secure  area,  if  so;  will  the 
electricians  need  security  badges,  or  will  escorts  be  be 
provided? 

i.  Will  the  work  site  be  empty  or  occupied? 

j.  Will  the  electricians  be  required  to  work  after  normal 
duty  hours  because  of  noise  or  traffic? 

k.  Will  a  power  outage  be  required;  if  so,  how  many 
buildings  are  affected,  who  will  notify  the  occupants,  and 
how  much  lead  time  is  required? 

This  list  is  not  complete:  depending  on  your  base  and  the 
mission,  you  may  be  able  to  think  of  other  questions. 

Now  we  move  to  the  worksite.  Check  the  plans  with  the 
actual  working  conditions.  Take  a  few  minutes  to 
familiarize  yourself  with  the  area.  This  is  the  time  you 
follow  the  planners  trend  of  thought  and  go  through  the  job 
mentally.  Our  description  of  work  could  read,  ''Remodel 
building  2029  for  a  new  flight  simulator  installation.  A 
remodel  job  has  two  aspects:  remove  and  install.*' 

Follow  the  planner^s  task-breakdown  sheets  and  verify 
what  should  be  removed.  Will  any  equipment  or  material  be 
reused  later?  Be  sure  and  note  any  possible  safety  problems 
you  could  pass  on  to  the  crew  leader? 

Coordinating  with  Other  Specialists.  You  are  at  the 
point  now  where  you  are  confident  the  job  can  be  completed 
as  planned.  Your  next  step  is  coordinating  with  the  other 
shops.  This  may  be  done  at  the  regular  scheduling  meeting 
or  between  the  shop  supervisors  on  the  telephone.  The 
conversation  may  sound  something  like  this.  The  electric- 
shop  supervisor  calls  the  equipment  section  and  aslcs, 
**When  will  the  trench  be  cut  in  the  concrete  floor  to  install 
conduit?**  The  equipment  supervisor  says,  **Just  as  soon  as 
the  carpenters  cut  a  new  double  doorway  in  the  rear  of  the 
building  for  access.**  You  find  the  carpenters  are  waiting  on 
you  to  remove  electrical  conduits  along  the  rear  wall  so  they 
can  cut  out  the  doorway.  The  metal  shop  supervisor  calls 
you  and  wants  to  use  your  scaffolding  to  remove  some 
metal  ductwork  on  the  same  job.  The  conversations  can  go 
on  and  on,  but  the  key  is  communicate.  An  efficient  CE 
organization  nins  on  communication  between  branches  and 
shops.  When  you  walk  into  the  scheduling  meeting,  you 
will  be  ready  to  finalize  a  coordinated  plan  of  operation. 
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Exeixtes  (251): 

1 .  Sequence  the  information  below  from  1  through  10  for 
work  accomplishment. 

a.   Available  man-hours? 

b.  — Who  will  be  assigned  as  work  leader? 

c.  — CE  branches  conmiunicating. 


-  Weekly  scheduling  meeting. 
-Were  materials  substituted. 
.  Is  the  worksite  a  secure  area? 
.Are  all  materials  available? 
.  Are  special  tools  required? 
. Check  the  worksite. 
.  Will  a  power  outage  be  required? 
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CHAPTER  6 


Circuit  installation  with  Nonmetallic  Cable 


CIRCUIT  INSTALLATION  varies  only  in  the  type  of 
structure  being  worked  on.  The  methods,  procedures,  or 
techniques  you  have  studied  thus  far  are  preparing  you  to 
install  interior  distribution  systems  in  Air  Force  facilities. 
We  will  discuss  two  forms  of  electrical  installation  in  this 
chapter:  non-metallic-sheathed  cable  and  conduit  wiring. 
Mastering  these  two  methods  of  wiring  should  qualify  you 
for  90  percent  of  your  installation  jobs. 

6*1.  Box  Selection  and  Mounting 

Now  that  you  have  learned  how  to  read  a  blueprint  and  to 
draw  a  working  sketch,  the  next  step  is  to  start  the 
installation  of  circuits,  according  to  your  drawing.  A  very 
important  part  of  the  installation  will  be  the  selection  and 
mounting  of  the  boxes  required  for  outlets  and  junctions . 

252.  Specify  factors  that  you  must  consider  when 
selecting  boxes  for  use  in  interior  wiring  systems,  and 
calculate  cubic-inch  area  requirement  for  a  given 
application. 

Box  Selection.  There  is  no  firm  requirement  that  a 
certain  type  of  box  be  installed  for  a  specific  purpose.  The 
usual  practice  is  to  install  octagonal  boxes  for  lighting 
outlets  and  to  install  rectangular  and  square  boxes  for 
switches  and  receptacle  outlets.  Round  boxes  arc  normally 
installed  overhead  for  lighting  purposes,  especially  where 
the  fixture  canopy  must  cover  the  box.  However,  when  the 
need  arises  because  of  inside  space  requirements,  wall- 
surfacing  materials  used,  number  of  electrical  devices  to  be 
mounted,  or  the  availability  of  boxes,  almost  any  box  can 
be  used  for  any  purpose. 

The  size  and  number  of  conductors  to  be  installed  in  a 
box  have  a  definite  impact  on  the  selection  of  a  box.  Each 
conductor  in  a  box  must  have  some  free  airspace  to  prevent 
a  buildup  of  heat.  As  a  result,  the  more  conductors,  or  the 
larger  their  size,  the  bigger  the  box  must  be  in  which  they 
arc  installed.  The  cubic-inch  capacity  of  a  box  is 
determined  by  its  length,  width,  and  depth.  An  increase  in 
one  or  more  of  these  dimensions  will  increase  box  capacity. 
When  gangable  boxes  are  assembled  together,  box  volume 
is  the  total  of  all  sections  assembled  together.  Also,  when  a 
raised  cover  or  a  box  extension  with  volume  maricings  is 
added  to  a  box,  its  capacity  is  added  to  the  volume. 

The  box  to  be  mounted  in  each  location  is  selected  after 
the  number  and  size  of  conductors  it  will  contain  arc 
known.  In  many  cases,  the  usual  box  for  »he  intended 
purpose  is  not  adequate.  To  insure  proper  airspace  for 
conductors  in  a  box,  consult  figurc  6-1,  NEC  tables 
37(}-^(a)  and  (b).  These  tables  list  dimensions  for  common 


boxes,  their  cubic-inch  capacity,  and  the  maximum 
permitted  number  of  conductors  in  wire  sizes  No.  14 
through  No.  6.  The  number  of  conductors  listed  does  not 
make  allowance  for  fixture  studs,  cable  clamps,  grounding 
conductors,  switches,  receptacles,  or  straps  for  mounting 
these  devices.  One  conductor  must  be  deducted  from  those 
listed  when  the  box  contains  one  or  more  fixture  studs  of 
cable  clamps.  Each  strap  containing  one  or  more  devices 
rcquires  deduction  of  one  conductor. 

Also,  one  conductor  is  deducted  for  one  or  more 
grounding  conductors  that  enter  the  box.  A  conductor  that 
runs  through  the  box  is  counted  as  one  conductor.  Each 
conductor  that  terminates  in  the  box  counts  as  one.  Fixture 
wircs  and  conductors  that  do  not  leave  the  box,  such  as  an 
internal  grounding  wire,  are  not  counted. 

Let's  use  an  example  to  see  how  the  table  works.  Two 
receptacle  outlets  arc  to  be  installed  using  No.  12 
nonmetallic  cable.  One  of  the  outlets  is  to  be  installed  as  an 
extension  to  the  other.  Device  boxes  with  cable  clamps  arc 
to  be  used  if  possible.  The  first  step  is  to  determine  the 
number  of  conductors  involved  in  the  box  that  will  be  wired 
through.  Two  conductors  plus  a  grounding  conductor  enter 
this  box.  Also,  if  a  second  outlet  is  to  be  connected  to  this 
one,  two  conductors  plus  a  grounding  conductor  must  leave 
the  box.  If  the  preceding  rules  are  followed,  we  have  four 
conductors  plus  one  for  the  grounding  conductors,  the 
equivalent  of  one  conductor  for  the  cable  clamps,  and  the 
equivalent  of  one  conductor  for  the  receptacle  outlet.  Tliis 
gives  us  an  equivalent  of  seven  conductors.  In  looking  at 
the  table  for  metal  boxes  in  the  NEC,  no  listing  is  given  for 
seven  No.  12  conductors  in  a  device  box.  There  is  a  listing 
for  eight  conductors,  which  indicates  a  device  box  3V2 
inches  deep  is  required.  Since  there  will  be  an  equivalent  of 
just  five  conductors  in  the  device  box  for  the  second  outlet, 
the  table  shows  a  2y2-inch  deep  box  is  adequate.  When  a 
3y2-inch  box  is  not  available  or  is  too  deep,  a  2y2-inch 
g^gable  box  can  be  used  by  replacing  one  side  with  a  space 
expander,  as  shown  in  figure  6-2.  This  expander  adds  5 
cubic  inches  to  a  2V2-inch  device  box  for  a  total  of  17.5 
cubic  inches.  Of  course,  a  4-inch  square  box  with  device 
cover  can  be  used  if  a  satisfactory  device  box  is  not 
available. 

The  table  does  not  cover  all  requirements  for  conductor 
space  in  boxes.  Boxes  of  100  cubic  inches  or  less  not 
covered  by  the  table,  and  nonmetallic  boxes,  are  marked 
with  their  cubic  inch  capacity.  When  these  boxes  are  used, 
or  when  conductors  of  different  sizes  are  installed  in  the 
same  box,  the  number  of  conductors  allowed  in  a  box  is 
based  on  a  free  airspace  requirement  for  each  conductor. 
The  free  airspace  needed  is  given  in  figure  6-1  part  (b), 
** Volume  Required  Per  Conductor.*'  According  to  the 
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NATIONAL  ELECTRICAL  CODE 


Tabl«  370-6(a).     M«tal  Bo%m% 


Vox  OWn«n«^. 

rr^6^  S4i«  or  Typ»  


MaKlmum  Mumb#r  of  Cooductof  

^Cip!'    No.  14   No.  ia    Wo.  10    No.  8    No.  « 


4x1%  Round  or  CV:tagonal 

4\\Vi  Round  or  Octagonal 

4  \  2»>%  Round  or  Ociagonal 

4x1%  Square 

4  X  m  Square 

4  X  2»/k  Square 

4'Vi»  X  1%  Square 

4»»/u  X  I'/i  Square 

4«Vi*  X  2«A  Square 

3  R  2  X  l»A  Device 

3x2x2  Device 

3  X  2  X  2V4  Device 

3  X  2  X  2W  Devic: 

3x2x2%  Device 

3  X  2  X  3V4  Device 

4  X  2»^  X  IV4  Device 
4  X  2»^  X  1%  Device 
4  X  2'/k  X  V/t  Device 

3%  X  2  X  2»/^  Masonry  Box/Gang 
3%  X  2  X  V/2  Masonry  Box/Gang 
FS— Minimum  Internal  Depth  IH 

Single  Cover/Gang 
FD— Minimum  Internal  Depth  iVt 

Single  Cover/Gang 
FS— Minimum  Internal  Depth  1% 

Multiple  Cover/Gang 
FD— Minimum  Internal  Depth  2% 

Multiple  Cover /Gang   


I2.S 
IS.S 
21.5 
18.0 
21.0 
^0} 
25.5 
29.5 
42.0 
7.5 
10.0 
10.5 

12  5 
14.0 
18.0 
103 

13  0 
14.5 
14.0 
21.0 

13.5 

18.0 

18.0 

.  24.0 


6 

5 

5 

4 

0 

7 

6 

6 

5 

0 

10 

9 

8 

7 

0 

9 

8 

7 

6 

0 

10 

9 

8 

7 

0 

15 

13 

12 

10 

6* 

12 

11 

10 

8 

0 

14 

13 

1  * 

9 

u 

21 

18 

16 

14 

6 

3 

3 

3 

0 

5 

4 

4 

3 

0 

5 

4 

4 

u 

6 

5 

5 

4 

0 

7 

6 

5 

0 

9 

8 

7 

0 

5 

4 

4 

0 

6 

5 

5 

0 

7 

6 

5 

0 

7 

6 

5 

0 

10 

9 

8 

0 

6 

6 

5 

4 

0 

9 

8 

7 

6 

3 

9 

8 

7 

6 

0 

12 

10 

9 

8 

4 

T«bl«  370-6<b).     Volume  R«quir«d  p#r  Conductor 


Sla«  of 

Conductor 

ft—  Spaea  within  Box 
for  Each  Conductor 

  2.     cubic  inches 

  2.5  cubic  inches 

cco-iia 

Figure  6-1 .  NEC  Tables  370-6(a)  and  (b). 


table,  the  volume  of  space  needed  in  cubic  inches  per 
conductor  is  2  for  No.  14,  2Va  for  No.  12,  IVz  for  No.  10,  3 
for  No.  8,  and  5  for  No.  6.  As  an  example,  if  a  box  is  to 
contain  four  No.  10  conductors  and  two  No.  12  conductors, 
multiply  4  X  2»/2  and  2  X  IVa.  This  equals  HVz-cubic 
inches— the  minimum  size  box  that  can  be  installed. 

Exercises  (252): 

1.  Why  must  a  conductor  be  provided  free  airspace  in  a 
box? 


2.  How  is  the  space  available  in  a  box  determined? 


What  is  the  total  volume  of  the  box  that  results  when 
three  switchboxes  are  ganged? 


How  do  you  determine  whether  a  box  will  be  large 
enough  for  the  number  and  size  of  conductors  it  will 
contain? 


You  have  a  device  box  2*/2-inches  deep  that  lacks  3 
cubic  inches  being  large  enough  for  the  conductors  to 
be  installed,  and  there  is  not  enough  space  to  use  a 
deeper  box.  How  can  you  provide  enough  space  and 
still  use  a  device  box? 
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When  wiring  is  to  be  done  with  nonmetallic  boxes, 
how  do  you  determine  the  size  box  needed  at  each 
location? 


7.  Detemnine  the  cubic  inches  required  in  a  box  for 
installing  a  duplex  receptacle  outlet  using  No.  10 
nonmetallic  cable  with  ground  and  anchored  with  a 
cable  connector. 


253.  Identify  design  characteristics  of  outlet  and 
junction  boxes,  and  cite  methods  and  procedures  for 
installing  them. 

Box  Mounting.  Outlet  and  junction  boxes  are  mounted 
in  a  number  of  ways  in  either  new  construction  or  in  an  old 
building.  In  most  cases,  boxes  in  new  construction  are 
fastened  with  nails  or  screws.  Usually,  nails  are  preferred 
because  they  are  cheaper  and  quicker  to  use.  Unless  the  box 
has  a  bracket  on  it,  the  side  of  the  box  must  be  removed  to 
use  screws  for  mounting.  Some  of  the  newer  box-mounting 
brackets  have  prepunched  and  formed  devices  that  arc 
driven  into  wood  framing  to  support  the  box  in  the  place  of 
nails. 

Nail  through  box  mounting.  One  of  the  simpler  boxes  to 
mount  is  a  device  box.  Boxes  without  brackets  are  mounted 
by  putting  two  16-penny  nails  OVi  inches  long)  through  the 
holes  in  both  sides  of  the  box  and  then  driving  them  into  the 
wood  framing  member  (stud).  Nails  that  pass  through  the 
inside  of  a  box  must  not  be  more  than  a  quarter-inch  from 
the  bottom  (or  back)  of  the  box,  as  shown  in  figure  6-3. 
Also,  note  the  markings  on  the  side  of  the  box.  These  are 
depth  markings  thar  let  you  easily  install  the  box  to  project 
the  proper  distance  from  the  edge  of  the  stud  to  offset  the 
thickness  of  the  wall  material  that  will  be  installed.  Another 
way  to  mount  device  boxes  with  16-penny  nails  is  shown  in 
figure  6-4.  In  this  case,  the  nails  are  outside  the  box, 
eliminating  the  possibility  of  wiring  interference  inside. 
The  extension  of  the  box  sides,  as  is  done  here  to  provide 
for  nailing,  is  often  referred  to  as  an  S  bracket  mount.  The 
bracket  is  made  so  that  the  nails  can  be  driven  in  straight  or 
on  a  slant,  depending  on  whichever  is  easier.  Being  able  to 
drive  the  nails  at  a  slant  is  especially  useful  when  the  stud 
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Figure  6-3.  Box  installed  with  nails. 
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Figure  6-5.  Box  mounting  brackets. 
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spacing  is  less  than  normal.  The  notches  on  the  front  outer 
ends  of  the  bracket  serve  as  a  depth  guide  for  mounting,  the 
same  as  the  markings  mentioned  before. 

Bracket  mounting  of  boxes.  Many  boxes  come  with 
attached  brackets  of  various  designs.  Several  of  these 
brackets  are  shown  in  figure  6-5.  The  D  bracket  illustration 
is  the  simplest  one  of  the  group  and  is  merely  an  extended 
box  side.  It  is  nailed  or  screwed  to  the  stud.  It  also  has 
notches  to  serve  as  an  installation  guide.  The  next  bracket  is 
the  A  bracket.  As  you  can  sec,  it  is  a  straight  bracket  with  a 
turhed-over  upper  edge  that  fits  over  the  edge  (face)  of  the 
stud.  When  nailed  from  both  the  front  and  side,  this  bracket 
makes  an  extremely  strong  mounting.  The  A  brackets  come 
attached  to  the  boxes  at  varying  distances  from  their  edges 
to  allow  for  use  with  different  thicknesses  of  wall  material. 

The  B  bracket  is  made  to  fasten  the  box  to  the  face  of  the 
stud.  It  has  two  spurs  that,  when  driven  into  the  stud,  hold 
the  box  in  place  while  it  is  being  nailed.  The  bracket  may  be 
attached  to  the  box  so  that  it  projects  slightly  above  the 
edge,  as  shown  in  the  illustration.  This  prevents  the  device 
cover  and  its  holding  screws  from  causing  a  bulge  when 
sheetrock  is  used  for  the  wall  surface.  B  brackets  on  device 
boxes  are  located  at  various  depths  to  coincide  with  the 


thickness  of  the  finished  wall.  Some  B  brackets  are  about 
twice  as  long  as  the  one  shown.  These  brackets  are  suitable 
for  mounting  on  doorway  framing  studs  to  place  switches 
and  their  cover  plates  beyond  the  edge  of  the  door  trim. 
This  same  bracket  may  be  attached  to  the  end  of  a  device 
box  for  the  horizontal  mounting  of  a  switch  or  receptacle. 
End  brackets  are  identified  as  E  brackets. 

The  J  bracket  is  used  the  same  as  any  other  bracket  that  is 
fastened  directly  to  the  side  of  a  stud.  The  holes  are  slotted 
to  permit  the  box  to  be  toenailed.  The  bracket  is  flush  with 
the  edge  of  the  box  and  has  gauging  notches  for  positioning. 
This  bracket  has  a  knockout  which  allows  installation  of 
conduit  through  the  stud  into  the  box.  The  FA  bracket  is 
very  similar  to  the  D  bracket  except  the  bracket  is  welded  to 
the  side  of  the  box.  It  also  has  a  positioning  spur  to  assist  in 
holding  the  box  in  place  while  it  is  being  nailed.  The 
bracket  is  offset  from  the  edge  of  the  box  1/2  inch  or  5/X 
inch  to  allow  for  the  wall  material  thickness.  The  FH 
bracket  is  similar  to  the  FA  except  it  has  two  barbed  hooks 
that  drive  into  the  face  of  the  stud.  The  bracket  is  welded 
flush  on  square  boxes  and  offset  1/2  inch  on  device  boxes. 
Driving  the  barbed  hooks  into  the  stud  face  and  nailing  the 
side  makes  a  very  rigid  mount.  The  W  bracket  is  fastened  to 
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both  the  face  and  side  of  the  stud  to  pro\  i<?  ^  a  rigid  mount.  tightened  nut  on  the  bolt.  The  box  is  adjustable  toward  or 

Since  it  stands  the  box  off  to  the  side  of  the  stud,  it  is  used  to  away  from  the  door  buck  and  is  attached  to  the  bracket  with 

provide  clearance  between  switches  and  switchplates  and  two  machine  bolts  and  nuts. 

doorway  trim,  as  docs  the  long  B  bracket.  Spring  metal  clips  provide  a  quick  and  easy  way  of 

Box   mounting   on   metal  framing.    Much   modem  mounting  boxes  onto  metal  studs.  The  same  clip  will  work 

construction   makes   use   of  metal   framing   members.  on  studs  of  more  than  one  design  and  size,  such  as  IVs -to  3 

Primarily  you  are  concerned  with  the  studs  and  the  Vk-inch,  C-channel  studs  and  truss-type  studs.  They  are 

doorframing  (door  buck).  Boxes  can  be  attached  with  designed  to  mount  square  boxes  with  cover  plates  and  to 

sheet-jneta!  5:crf!\v*:  nr  mnrhjnf*  hrAt^.  nnH  niits.  However,  permit  device  boxes  to  be  flush-mounted  with  various 

special  attathilig  devices  are  available.  A  special  anchor,  as  thicknesses  of  wall  surfacing.  A  spring  metal  clip  is  shown 

shown  in  figure  6-6,  provides  a  quick,  simple  method  of  at  the  left  of  figure  6-7.  To  mount  a  box,  tap  the  clip  over 

installing  a  box  on  the  doorframing.  This  anchor  allows  the  the  open  edge  of  the  box.  Then  tip  the  box  so  that  the  upper 

box  to  be  adjusted  in  all  directions;  that  is,  toward  or  away  prong  slips  behind  the  face  of  the  stud,  as  you  can  see  at  the 

from  the  frame,  the  depth  from  the  outside  wall  surface,  and  right  of  figure  6-7.  Press  the  lower  prong  back  with  the 

up  or  down  as  needed.  The  nut  on  the  bolt  shown  in  the  thumb  until  it  slips  behind  the  stud  face  and  locks  the  box  in 

figure  holds  the  bracket  to  the  anchor  and  must  be  loose  place.  The  box  can  be  moved  up  or  down  on  the  stud  easily 

while  the  anchor  is  installed.  The  anchor  itself  consists  of  a  by  releasing  the  spring  tension.  Boxes  can  also  be  attached 

flat  head  bolt  with  a  screwdriver  slot  and  a  threaded  to  metal  framing  members  with  sheet  metal  screws  or 

channel.  The  channel  comes  in  two  sizes — one  for  narrow  machine  bolts  and  nuts. 

door  bucks  not  over  4  inches  wide  and  a  second  for  door  Box  mounting  between  framing.  At  times,  boxes  must  be 

bucks  up  to  7  inches  wide.  The  anchor  is  set  in  place  by  mounted  between  the  building  supports  instead  of  directly 

inserting  it  in  the  frame  channel  with  the  fiat  head  of  the  on  them.  This  is  particularly  true  of  ceiling  lights  where  the 

bolt  toward  the  door-stop  channel  and  the  threaded  channel  joists  do  not  coincide  with  the  spot  where  the  light  is  to  be 

under  the  lips  of  the  door  buck.  The  anchor  is  locked  in  placed.  In  such  cases,  boxes  must  be  mounted  on  a  separate 

place  by  inserting  a  screwdriver  in  the  slot  of  the  bolt  and  support  attached  to  the  structure.  These  supports  may  be 

turning  it  clockwise  until  tight.  As  you  can  see  in  the  figure,  purchased  in  the  form  of  bar  hangers  or  metal  straps  or  they 

the  bracket  is  adjustable  and  is  held  in  position  by  the  may  be  constructed  from  metal  straps  or  wooden  strips. 
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Figure  6-6.  Box  mounting  on  metal  door  buck. 
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Figure  6-7.  Box  mounting  on  metal  stud  with  spring  clip. 


Figure  6-8  shows  two  typical  bar  hangers  and  two  metal 
strap  supports.  You  can  see  that  one  of  the  bar  hjuigers 
includes  a  fixture  stud  that  also  serves  to  support  the  box 
when  it  is  installed  through  the  knockout  in  the  box  bottom. 
The  other  bar  hanger  supports  the  box  by  means  of  a  clamp 
installed  through  the  bottom  knockout.  Bar  hangers  with 
boxes  already  attached  are  available.  Bar  hangers  come  in 
different  lengths  with  each  having  a  range  of  adjustment  to 
fit  spaces  of  varying  widths.  Bar  hangers  are  fastened  in 
place  by  nails  driven  into  the  side  of  the  joist  or  stud.  Sheet 
metal  screws  or  machine  bolts  and  nvits  are  substituted  for 
nails  when  metal  framing  is  involved.  Metal  straps  may 
have  fixture  studs  or  may  have  slotted  mounting  holes  so 
that  the  box  may  be  attached  with  machine  bolts  and  nuts. 
Strap  supports  come  in  different  lengths  with  several  nail 
holes  in  each  end  to  fit  various  width  spaces.  Strap  supports 
are  nailed  to  the  face  of  the  joist  or  stud.  They  have 
different  offsets  to  fit  different  box  depths  or  installation 
needs. 


Metal  strap  supports  can  be  made  similar  to  the 
manufactured  one  shown  in  figure  6-8.  Hole  locations 
should  be  determined  and  holes  drilled  as  needed  for  tlie 
specific  installation  being  made.  Wood  supports  can  be 
made  in  a  number  of  ways.  About  the  simplest  form  is 
shown  in  figure  6-9.  It  consists  of  a  piece  of  1"  x  4"  lumber 
cut  to  length  to  fit  between  the  joists  and  nailed  in  place. 
You  need  to  allow  for  the  depth  of  the  box  [>lus  the 
thickness  of  the  ceiling  material  when  positioning  the  board 
for  nailing.  In  some  cases,  two  \"  x  4''s  may  be  nailed  up 
with  the  wide  dimension  perpendicular  to  the  joist  or  stud 
faces  and  the  box  mounted  between  them.  Sometimes  the 
ends  of  the  1"  x  4"  support  is  nailed  to  1"  x  4"  x  4"  blocks 
which,  in  turn,  are  nailed  to  the  joists. 

Box  mouming  in  existing  structures.  A  completely 
different  method  of  box  mounting  is  required  when  a 
concealed  extension  is  to  be  made  to  an  existing  circuit  or  a 
new  concealed  circuit  is  to  be  added  in  an  existing 
structure.  The  procedures  discussed  here  pertain  to 
mounting  boxes  in  hollow  walls;  that  is,  walls  such  as 
sheetrock  or  plaster  on  studs.  Boxes  must  be  equipped  with 
''plaster  ears'*  to  assist  in  anchoring  them  in  place.  One 
method  of  hollow-wall  mounting  is  shown  in  figure  6-10. 
This  method  uses  two  sheet  metal  brackets  to  hold  the  box 
in  place.  The  first  step  for  this  type  of  mounting  is  to  locate 
and  cut  the  mounting  hole.  After  the  hole  is  cut,  hold  the 
box  in  place  in  the  hole  with  the  plaster  ears  against  the 
wall.  Slip  a  bracket  with  the  fins  pointing  out,  long  end 
first,  between  the  box  and  the  wall.  Slide  the  bracket  up 
until  the  short  end  clears  the  hole.  Push  the  short  end  into 
the  hole  and  slide  the  bracket  downward  to  center  the  fins 
with  the  box.  Bend  the  fins  tightly  over  the  box  edge  and 
down  against  the  inside.  Repeat  these  steps  for  the  second 
bracket.  The  box  should  now  be  held  firmly  in  place. 

A  second  method  of  mounting  a  box  in  a  hollow  wall 
makes  use  of  clamping  devices  attached  to  the  box  sides  as 
illustrated  in  figure  6-11.  These  boxes  usually  come  with  a 
stiff  paper  template  to  outline  the  hole  that  must  be  cut  into 
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Figure  6-8.  Box  supports. 
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Figure  6-9.  Wood  box  suppon. 
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Figure  6-10.  Bracket  support  of  box  in  hollow  wall. 
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Figure  6-12.  Box  support  for  hollow  wall. 


the  wall.  If  you  do  not  have  a  template,  put  the  box  against 
the  wall  and  draw  around  it.  Be  sure  you  do  not  include  the 
plaster  ears  in  your  drawing.  Cut  the  hole  as  indicated.  Slip 
the  box  into  the  hole  and  tighten  the  clamping  screws  until 
the  box  is  firmly  anchored.  One  variation  of  this  method 
works  quite  well  with  a  lath  and  plaster  wall.  The  box  has 
cleats  on  the  side  that  unfold  when  the  screws  are  tightened 
to  clamp  behind  the  lath  and  sui^rt  the  ends  that  were  cut 
when  the  hole  was  made. 

A  third  means  of  fastening  a  box  in  a  hollow  wall  uses  a 
support  that  is  added  to  the  box  through  the  knockout  in  the 
back.  The  application  of  this  support  is  shown  in  figure  6- 
12.  After  the  knockout  is  removed,  assemble  the  support  to 
the  box  by  inserting  the  bolt  with  the  retaining  washer 
through  the  knockout  hole.  Thread  the  bolt  into  the  support. 
Push  the  box  into  the  prepared  hole  and  press  on  the 
bolthead  until  the  ends  of  the  support  spring  clear  on  the 
inside.  Tighten  the  bolt  with  a  screwdriver  until  the  box  is 
held  securely  in  place. 

Box  mounting  heights  and  location.  There  are  no 
specific  requirements  for  mounting  boxes  at  a  certain 
height.  Mounting  may  be  at  any  convenient  height  that 
meets  the  need  for  which  the  box  is  being  installed.  All 
boxes  for  the  same  purpose  should  be  mounted  at  the  same 
height.  In  some  extreme  cases,  receptacle  outlet  boxes  have 
been  mounted  in  the  wall  parallel  to  the  floor  and  just  high 
enough  to  pennit  the  cover  plate  to  be  installed.  This  type 
of  installation  requires  that  an  allowance  be  made  for  the 
base  finishing  material,  as  well  as  for  the  wall  material 
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when  box  depth  is  set.  Receptacles  set  against  the  floor  arc 
hard  to  use  and  are  hazardous  in  places  where  floors  arc 
mopped. 

Heights  for  receptacle  outlets  and  switches  are  usually 
given  in  the  plans.  The  measurement  may  be  from  eitlier  the 
subfloor  or  the  finished  floor  and  may  be  to  the  bottom  of 
the  box,  the  center  of  the  box  which  is  probably  the  most 
common,  or  the  top  of  the  box.  The  most  popular  height  for 
receptacle  outlet  boxes  in  the  living  areas  of  a  house  is  12 
inches  from  the  flooriine  fo  the  center  of  the  box.  A  good 
many  electricians  mark  their  hammer  handles  to  use  as  a 
guide  for  installing  outlet  boxes  at  the  proper  height.  Any 
number  of  other  guides,  such  as  a  rule  or  a  notched  stick, 
can  be  used. 

It  is  fairly  common  practice  to  mark  the  exact  location  of 
each  wall-mounted  box  on  the  studs  throughout  the  building 
before  mounting  begins.  A  lumber  crayon,  caipcnter's 
pencil,  or  felt-tip  pen  that  makes  an  easily  seen  mark  should 
be  used.  An  arrowhead  is  used  to  show  where  the  center  of 
the  box  is  to  be  placed.  The  arrowhead  also  points  to  the 
side  of  the  stud  where  the  box  will  be  put.  As  an  added 
convenience,  symbols  may  b«  marked  near  the  arrow  to 
indicate  the  type  of  device  to  be  installed.  Some  examples 
might  be  XX  for  a  duplex  outlet,  SS  for  two  single-pole 
switches,  S3  for  a  three-way  switch,  or  XR  for  a  range 
outlet. 

Switchboxes  and  outlet  boxes  for  laundry  and  utility 
rooms  and  garages  are  normally  set  4  feet  above  the  floor. 
This  height  is  often  increased  4  to  6  inches  when  some  type 
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of  wainscotting  or  paneling  4  feet  high  is  to  be  included  as 
part  of  the  wall.  Boxes  for  outlets  over  countertops  are 
usually  installed  about  44  inches  from  the  floor.  This 
measurement  can  vary  a  few  inches  up  or  down,  depending 
on  the  height  of  the  back-splash  panel.  Installing  boxes 
without  considering  the  splash  panel  could  cause  you  to 
have  boxes  that  overlap  different  wall  surface  levels. 

Ceiling  boxes  are  located  by  a  completely  different 
method  of  measurement.  Most  rooms  have  at  least  one 
ceiling  light  located  in  the  center  of  the  room.  A  number  of 
ways  can  be  used  to  find  the  spot  to  mount  this  light  box. 
One  way  is  to  use  a  rule  or  tape  to  find  the  halfway  point 
across  one  dimension  of  the  room  and  mark  it  as  shown  in 
sketch  A  of  figure  6-13.  Make  a  second  measurement 
across  the  same  room  dimension  and  mark  the  halfway 
point.  Connect  the  two  marks.  Measure  the  other  room 
dimension  to  find  the  center  and  mark  it  on  the  preceding 
line.  This  point  is  the  place  for  the  ceiling  light  box.  Sketch 
B  of  figure  6-13  shows  another  way  to  spot  the  ceiling  box. 
Run  diagonals  with  string  from  opposite  comers  of  the 
room.  The  point  where  the  diagonals  cross  is  the  room 
center.  Sometimes  the  position  of  the  box  is  laid  out  on  the 
subfloor.  The  point  is  then  transferred  to  the  ceiling  by  use 
of  a  plumb  bob  (a  pointed  weight  on  a  string).  When  held 
by  the  string  at  the  level  of  the  ceiling  joists  with  the  point 
of  the  weight  over  the  desired  location,  the  top  of  the  string 
will  be  at  the  spot  that  the  box  is  to  be  mounted. 

Many  rooms  require  multiple  ceiling  lights.  If  only  two 
lights  are  involved,  measure  half  the  length  of  the  room  and* 
then  run  diagonals  for  each  half,  as  indicated  in  sketch  C  of 
figure  6-13.  This  gives  you  the  location  for  each  light.  A 
room  that  is  to  be  lit  with  a  row  of  lights  will  have  them 
installed  along  the  centerline.  The  lights  should  be  spaced 
so  that  the  lighting  is  as  uniform  as  possible.  You  can 
determine  the  spacing  by  dividing  the  length  of  the  room  by 
the  number  of  lights.  Tliis  figure  is  the  space  that  is  to  be 
left  between  any  two  adjacent  lights.  The  light  at  each  end 
of  the  row  is  placed  at  half  the  preceding  distance  from  the 
wall.  This  spacing  is  shown  in  sketch  D  of  figure  6-13.  If 
you  take  another  look  at  sketch  C,  you  will  see  that  the 
space  from  the  end  walls  to  the  lights  is  also  half  the  space 
between  the  lights. 

Exercises  (253): 

1.  What  is  the  main  disadvantage  in  using  screws  to 
mount  boxes  that  do  not  have  brackets? 


4.  In  what  cases  is  it  advantageous  to  be  able  to  drive 
nails  through  box  brackets  at  a  slant? 


5.  What   is  the  difference  .}n  mounting  procedures 
between  a  D  bracket  and  an  A  bracket? 


6.  When  using  A  bracket  box  mounts,  how  do  you  allow 
for  different  thicknesses  of  wall-surfacing  materials? 


7.  How  is  a  box  with  a  B  bracket  mounted? 


8.  A  square  box  with  a  B  bracket  is  to  be  installed  for  a 
receptacle  outlet.  What  prevents  the  device  cover  with 
its  retaining  screws  from  causing  a  bulge  in  the 
sheetrock? 


9.  When  using  a  box  with  a  B  bracket  for  switch 
installation,  how  do  you  insure  the  switchplate  will  not 
overlap  the  door  trim? 


10.  What  type  of  box  bracket  should  be  used  if  conduit  is 
to  be  brought  through  the  mounting  stud  into  the  box? 


1 1 .  Why  docs  an  FH  box  bracket  make  a  more  rigid  mount 
than  an  FA  bracket? 


12.  When  is  a  box  with  a  W  bracket  used  in  preference  to 
one  with  an  FH  bracket? 


2.  Briefly  describe  the  mounting  procedure  for  an  outlet 
box  without  mounting  brackets  when  the  wall  will  be 
covered  with  1/2- inch  sheetrock. 


3.  When  nails  used  for  mounting  a  device  box  extend 
from  side  to  side  but  are  outside  the  box,  what  type  of 
mount  is  used. 

I 


13.  Indicate  in  the  space  provided  which  of  the  following 
statements  concerning  mounting  boxes  on  metal  door 
framing  with  an  anchor,  and  bracket  assembly  are  true 
(T)  or  false  (F). 

 a.    The  anchor  is  adjustable  to  any  height. 

 b.    Several  size  anchors  are  needed  to  allow 

for  different  wall  thicknesses. 
 c.  '  The  nut  on  the  anchor  bolt  fastens  both  the 

anchor  and  the  box  bracket  in  place. 

347 


 d.    Both  a  screwdriver  and  wrench  are  needed 

to  fasten  the  anchor  in  place. 

 e.    The  anchor  bolt  nut  pcimits  the  Hox  to  be 

adjusted  so  it  will  be  flush  with  the 
Finished  wall. 

 f.    The  box  can  be  moved  away  from  the 

doorframe  by  loosening  nuts  on  the  box 

mounting  bolts. 
 g.    Turning  the  anchor  bolt  counterclockwise 

tightens  the  anchor  in  place. 
 h.    Machine  bolts  and  nuts  arc  used  to  attach 

the  box  to  the  mounting  bracket. 

14.  Describe  a  procedure  for  mounting  a  box  on  a  metal 
stud. 


23. 


24. 


Name  three  common  devices  used  to  measure  the 
height  for  mounting  outlet  boxes  in  the  living  areas  of 
a  house. 


Describe  the  procedure  used  if  the  location  of  all  boxes 
is  to  be  laid  out  before  mounting  begins. 


25.  List  places  where  boxes  are  normally  mounted  48 
inches  above  the  floorlinc. 


15.  A  box  has  been  mounted  on  a  metal  stud  with  a  spring 
clip.  You  discover  it  is  4  inches  too  high.  What  action 
should  you  take? 


26.  When  would  switchboxes  be  mounted  about  4»/2  feet 
high? 


16.  Name  four  ways  that  boxes  can  be  mounted  between 
ceiling  joists. 


27.  What  is  the  normal  height  for  outlet  boxes  ovek 
countertops? 


17.  In  what  two  ways  may  boxes  be  attached  to  a  bar 
hanger? 


28.  How  can  a  tape  be  used  to  locate  the  centerpoint  of  a 
room  for  a  ceiling  light? 


18.  Spacing  between  framing  members  is  not  always 
uniform.  How  do  you  compensate  for  these  varying 
widths  when  installing  boxes  on  bar  hangers? 


19.  Describe  the  installation  of  a  ceiling  box  between 
framing  members  using  a  wood  support. 


29.  How  can  you  locate  the  spot  for  a  single  ceiling  light 
without  using  a  tape? 


30.  What  is  a  simple  way  of  finding  the  box  location  when 
a  room  is  to  have  two  ceiling  lights? 


20.  State  the  height  requirements  for  mounting  boxes  in  a 
wall. 


31.  A  room  25  feet  long  by  15  feet  wide  is  to  be  lighted  b- 
a  row  of  three  lights  down  the  center.  How  far  apart 
should  adjacent  lights  be?  How  far  from  the  wall 
should  the  end  light  be? 


21.  What  are  two  disadvantages  of  having  receptacle 
outlets  mounted  against  a  hard-surfaced  floor? 


22.  What  is  the  most  commoi.  neight  for  mounting 
receptacle  outlets  in  a  house? 


32.  Enter  T  or  F  in  the  spaces  provided  to  show  which  of 
the  following  statements  regarding  the  mounting  of 
boxes  in  hollow  walls  are  true  or  false. 

 a.    The  box  support  is  forced  into  the  wall  by 

unscrewing  the  box-support  retaining 
screw. 

 b.    A    template    is    especially    useful  for 

outlining  the  hole  for  a  box  with  clamping 
devices. 


EKLC 


139 


349 


-c.    Bend  the  sheet  metal  bracket  fins  over  the 

outer  edge  of  the  box  to  anchor  it  in  place, 
-d.    A  hole  must  be  drilled  in  the  bottom  of  a 

box  to  mount  a  box  sup  t. 
-e.    Boxes  with  retaining  .ieat  clamps  are 

particularly  good  for    ounting  in  lath  and 

plaster  walls. 
-  f .    A  box  support  anchors  the  box  in  place  by 

expanding    against    the    sides    of  the 

mounting  hole, 
-g.    Boxes  with  clamping  devices  are  removed 

easily  by  loosening  the  device  screws, 
-h.    Two  sheet  metal  brackets  are  needed  to 

mount  a  box  by  this  method, 
-i.    Plaster  ears  are  used  mainly  to  prevent 

damage  to  plaster  or  sheetrock. 
-j.    Clamping    devices    clamp    behind  the 

sheetrock  when  the  device  screws  are 

lightened. 

-k.    Sheet  metal  brackets  are  installed  by 

inserting  the  short  end  first. 
-1.    Two  screws  in  each  plaster  ear  will 

provide  adequate  anchorage  for  a  box. 
m.    Select  the  box  to  be  used  before  cutting  the 

mounting  hole  in  the  wall. 


6-2.  Nonmetalllc  Sheathed  Cable  Wiring 

Nonmetallic  sheathed  cable  is  a  low  cost  way  to  wire 
buildings  where  its  use  is  permitted  by  the  NEC.  The  ease 
with  which  circuits  can  be  installed  and  the  !ow  cost  of  the 
cable  when  compu^  to  the  cost  of  materials  required  by 
other  means  make  the  use  of  nonmetallic  cable  quite 
attractive. 

254.  Specify  the  construction  features  and  marking  of 
nonmetallic  sheathed  cable,  and  cite  permitted  uses. 

Nonmetallic  Sheathed  Metal.  Nonmetallic  sheathed 
cable  is  more  commonly  called  nonmetallic  cable,  NM 
cable,  or  Romex.  Nonmetallic  cable  consists  of  two  or  three 
insulated  conductors  in  an  outer  sheath.  It  may  have  an 
added  insulated  or  hare  conductor  to  be  used  as  an 
equipment  ground.  The  outer  sheaih  is  made  of  a  moisture- 
resistant,  flame-retardant,  nonmetallic  material  either  of 
thermoplastic  or  treated  braid. 

Nonmetallic  cable  has  copper>  aluminum,  or  copper-clad 
aluminum  conductors.  Copper  conductors  used  in  cable 
range  in  size  from  No.  14  to  No.  2  AWG.  The  size  of 
aluminum  conductors  is  from  No.  12  to  No.  2  AWG. 
Nonmetallic  cable  is  required  to  have  markings  on  i\$ 
exterior  with  specific  descriptive  information  spaced  not 
more  than  24  inches  apart.  The  information  required  must 
show  the  manufacturer's  name  or  trademark,  maximum 
working  voltage,  wire  size,  and  cable  type.  Most  cable  is 
also  mariced  to  show  the  number  of  conductors  and  whether 
it  has  a  ground. 

Nonmetallic  cable  comes  in  two  types:  NM  and  NMC. 
Type  NM  cable  has  a  flame  retardant,  moisture  resistant 
cover.  Its  use  is  permitted  in  one-  and  two-family  dwellings 


and  other  structures  that  do  not  rise  more  than  three  floors 
above  grade.  It  can  be  installed  for  both  exposed  and 
concealed  work  in  locations  that  are  usually  dry.  Type  NM 
cable  can  be  placed  or  fished  through  air  voids  in  masonry 
block  or  tile  walls  that  are  not  subject  to  too  much  moisture 
or  dampness.  It  must  not  be  used  where  corrosive  fumes  or 
vapors  are  present.  It  cannot  be  embedded  in  masonry, 
concrete,  adobe,  fill,  or  plaster;  nor  can  it  be  run  in  shallow 
grooves  in  these  materials  and  plastered  over. 

Ty;?e  NMC  cable  io  corrosion  resistant.  Its  covering  is 
flame  retardant,  moisture  resistant,  fungus  resistant,  and 
corrosion  resistant.  It  can  be  used  in  the  same  places  as  type 
NM  cable,  plus  moist,  damp,  and  corrosive  locations. 
These  locations  include  outside  walls  of  masonry  block  or 
tile.  Neither  type  NM  or  NMC  cable  is  to  be  used  as  service 
entrance  cable. 

Exercises  (254): 

1.  Briefly  describe   the   construction  of  nonmetallic 
sheathed  cable. 


2.  What  are  two  characteristics  of  the  outer  covering  of 
nonmetallic  cable? 


3.  Describe  the  conductors  found  in  nonmetallic  cable. 


4.  What  markings  are  normally  found  on  nonmetallic 
cable? 


5.  How  does  type  NMC  cable  differ  from  type  NM  cable? 


6.  In  what  types  of  buildings  may  NM  cable  be  installed? 


7.  Where  in  a  building  may  type  NM  cable  be  installed? 


8.  Where  may  type  NMC  cable  be  used? 
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255.  State  procedures  for  installing  circuits  with 
nonmetallic  cable. 

Installation.  Installation  of  electrical  circuits  with 
nonmetallic  cable  is  fairly  simple.  It  is  usually  done  in  two 
stages,  which  arc  called  roughing  in  and  finish  woric. 
Roughing  in  is  the  work  done  before  the  walls  and  ceilings 
are  put  in  place,  and  finish  work  is  just  what  it  implies,  the 
finishing  up.  (The  latter  will  be  covered  in  the  following 
section.)  The  main  objectives  in  roughing  in  are  to  get  the 
circuits  routed  properly,  to  reduce  the  chance  of  damage  to 
the  cable  during  installation,  and  to  reduce  the  chance  of 
damage  while  the  structure  is  being  finished  or  during  later 
modifications. 

Routing  circuits.  Quite  often,  the  new  work  that  you  will 
do  in  the  Air  Force  will  not  involve  an  entire  structure.  For 
this  reason,  you  will  not  always  get  a  complete  floor  plan  of 
the  structure  in  which  the  work  is  to  be  done.  Usually  a 
simplified  floor  plan,  such  as  the  one  shown  in  figure  6-14, 
is  provided.  A  look  at  the  figure  shows  you  that  it  does  not 
have  much  detail.  It  shows  the  general  location  of  the 
outlets  and  switches,  and  how  the  cable  is  to  be  routed.  The 
exact  spot  where  each  outlet  and  switch  is  to  be  put  is 
determined  by  requirements  of  the  NEC  and  the  experience 
of  the  electrician  unless  specific  directions  are  given. 

A  straight  line  is  the  shortest  distance  between  two 
points.  This  principle  is  used  a  great  deal  of  the  time  when 
routing  NM  cable  to  install  the  circuits.  Cable  is  run  fix)m 
box  to  box  by  the  shortest  route  unless  there  is  a  good 
reason  not  to.  Such  routing  does  not  always  look  as  neat  as 
it  might,  but  it  keeps  the  cost  of  material  and  labor  down. 
Since  most  wiring  is  concealed,  it  is  not  often  seen  anyway. 

Attic  circuits.  Most  circuits  in  a  one-story  residence  are 
run  overhead.  That  is,  they  run  up  from  the  distribution 
panel  to  the  ceiling  and  then  spread  out  across  the  ceiling 
area.  Take  another  look  at  figure  6-14.  This  area  is  called 
the  attic  or  roof  space,  depending  on  the  vertical  space 
under  the  roof.  Each  circuit  from  the  panel  has  to  end  in 
some  type  of  box.  The  box  may  be  a  junction  box,  a  ceiling 
outlet,  or  a  wall  outlet.  Of  course,  in  the  case  of  the  first 
wall  outlet  on  a  circuit,  the  cable  must  be  run  down  the  wall 
from  overhead. 

Cable  must  be  fastened  in  place  to  support  it  and  to  keep 
strain  off  boxes  and  connections.  It  must  be  anchored 
within  12  inches  of  a  box,  cabinet,  or  fitting  and  at  points 
no  more  than  4V2  feet  apart  between  boxes.  NM  cable  is 
usually  attached  to  wood  framing  members  by  means  of 
staples.  Do  not  drive  the  staples  in  tight  enough  to  damage 
the  cable. 

Cables  may  run  in  any  direction  in  the  attic  to  get  to  the 
first  box  and  between  boxes  on  the  same  circuit.  The  cables 
may  be  run  across  the  ceiling  joists  at  right  angles  or  on  a 
diagonal  line.  Some  cables  will  run  parallel  to  the  joists. 
Figure  6-15  shows  both  a  diagonal  and  a  parallel  cable  run. 
Note  that  the  diagonal  cable  is  stapled  at  every  other  joist. 
This  is  done  to  keep  from  exceeding  the  4>/2-foot  support 
requirement.  Cable  run  at  right  angles  can  be  stapled  at 
2 very  third  joist  (this  assumes  joists  are  on  16-inch  centers). 
\lso,  note  that  the  cable  paralleling  the  joist  is  attached  to 
the  side  of  the  joist.  This  arrangement  protects  the  cable 
from  damage.  Cables  on  top  of  the  joists  must  be  protected 


by  stout  guard  strips  that  are  at  least  as  high  as  the  cable. 
These  strips  are  shown  in  figure  6-16.  Attics  accessible  by 
stairs  or  a  permanent  ladder  require  guard  strips  for  all  cable 
that  is  on  top  of  the  joists.  When  access  to  the  attic  is  by  a 
scuttle  hole,  guard  strips  are  needed  only  within  6  feel  of 
the  scuttle  hole. 

Some  cable  in  the  attic  or  roof  space  may  be  fastened  to 
the  rafters  or  studs.  It  may  be  run  through,  be  attached  to 
the  sides,  or  be  run  across  the  face  of  the  rafters  or  studs. 
Cable  runs  at  an  angle  across  the  face  of  rafters  or  studs 
within  7  feet  of  the  floor  or  floor  joists  must  be  protected 
with  sturdy  guard  strips  L.e  same  as  when  they  are  attached 
to  joists.  Attics  not  accessible  by  stairs  or  a  permanent 
ladder  need  guard  strips  for  such  cable  only  within  6  feet  of 
the  scuttle  hole. 

Unfinished  basements.  Cable  installed  in  .unfinished 
basements  is  partially  affected  by  size.  Cable  consisting  of 
two  No.  6  conductors  or  three  No.  8  conductors  may  be  run 
on  the  underside  of  the  joists  without  further  protection. 
Smaller  cable  crossing  ceiling  joists  at  an  angle  must  be 
passed  through  holes  in  the  joists  or  attached  to  a  running 
board,  as  in  figure  6-17.  A  nmning  board  provides  a  firm 
support  and  helps  to  prevent  damage  to  the  cable. 

Exposed  circuits.  Cable  is  installed  in  exposed  locations 
at  times.  A  good  example  would  be  a  switch  leg  or  an  outlet 
installed  in  an  unfinished  basement.  The  cable  should  be 
installed  to  follow  the  surface  of  the  building  finish  closely 
or  be  installed  on  a  running  board.  Figure  6-18  shows  two 
ways  that  nonmetallic  cable  can  be  mounted  on  studs  that 
are  not  to  be  covered.  The  view  on  the  left  shows  how  the 
cable  would  be  run  down  the  side  of  the  stud  to  a  box  that 
will  be  mounted  flush  with  the  stud  face.  When  the  box  is  to 
be  mounted  on  the  face  of  the  stud,  the  cable  runs  down  the 
•face. 

Notice  that  the  cables  shown  in  figure  6-18  are  not 
stapled  to  hold  them  in  place.  They  are  held  with  cable 
straps  like  the  ones  shown  in  figure  6-19.  The  two  straps 
shown  at  the  left  are  used  with  oval-shaped  cable.  The  other 
two  straps  are  used  with  round  cables  that  have  No.  8  or 
larger  conductors.  The  round  straps  are  designed  to  be  used 
with  electrical  metallic  tubing,  but  work  quite  well  with 
cable.  Cable  straps  are  used  where  cable  is  mounted  on  a 
smooth  wall  surface  and  quite  often  wherever  else  cable  is 
exposed.  Straps  give  a  more  finished  appearance  and 
provide  more  support  than  do  staples. 

Now,  take  another  look  at  figure  6-18.  Note  the  bends  in 
the  cable.  As  you  can  see,  they  are  not  sharp  bends  but 
curves.  A  bend  in  nonmetallic  cable  must  never  be  made 
with  a  radius  that  is  less  than  five  times  the  cable  diameter. 
Larger  radius  bends  prevent  damage  to  the  protective  cover 
on  the  cable. 

Exposed  cable  installed  on  finished  building  surfaces  is 
normally  attached  directly  to  the  surface,  as  shown  in  figure 
6-20.  Where  cable  passes  through  a  floor,  it  m^st  be 
protected  to  at  least  a  height  of  6  inches  above  the  floor  by 
rigid  or  intermediate  conduit  or  pipe,  as  indicated  at  the  left 
in  figure  6-20.  Exposed  cable  that  is  apt  to  be  damaged  due 
to  its  location  or  the  activities  that  are  performed  in  the  area 
must  be  protected.  This  protection  can  be  provided  with 
conduit,  pipe,  or  guard  strips.  The  center  illustration  in 
figure  6-20  shows  the  use  of  a  piece  of  conduit  to  protect  the 
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 »^  Conductor  run  to  panel  (2  wires  concealed) 

 —  Branch  circuit  in  well  or  ceHing  (2  wires  concealed) 

Switch  leg  to  light  {2  wires  concealed) 
Duplex  receptacle  outlet 
O    Celling  outlet 
0~  Wall  outlet 
S      Single  pole  switch 

ceo-064 

Figure  6-14.  Simplified  wiring  floor  plan. 
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Figiire  6-16.  Guard  stripping  nonmetalUc  cable  on  attic  jutsts. 


NM  cable,  while  the  right  side  of  the  figure  shows  cable 
protected  by  guard  strips. 

Concealed  circuits.  Much  of  the  cable  put  in  during 
circuit  installation  is  refcnred  to  as  concealed  wiring.  This 
description  applies  to  wiring  that  is  installed  between  the 
ceilings  and  floors  in  multistory  l^uildings,  in  ttift  ceilings  of 
finished  basements,  and  in  tht  waHs  of  buildings.  It  is 
concealed  because  once  the  building  is  finished,  the  wiring 
is  not  visible,  nor  is  it  readily  accessible. 

Concealed  cable  is  installed  either  through  holes  bored  in 
wooden  framing  members  or  into  notches  cut  in  their  edges. 
Holes  can  be  bored  with  any^of  the  bits  discussed  earlier. 
The  most  conmionly  used  bits  are  either  a  ship  auger  (a  bit 
designed  to  pull  itself  through  the  wood)  or  a  spade  bit  from 
5/8  inch  to  3/4  inch  in  diameter.  Bits  are  powered  by  an 
electric  drill  except  in  unusual  cases.  The  holes  should  be 
drilled  in  the  center  of  framing  members,  especially  studs. 
Holes  should  be  drilled  in  a  straight  line  and  at  the  least 
possible  angle  either  vertically  or  horizontally.  Holes  that 
are  drilled  in  a  crooked  line  or  at  much  of  an  angle  to  the 
line  of  pull  make  it  hardcir  to  thiead  ttir  cable  through  the 
holes  and  pull  it  into  position.  Alao,  if  Ihe  holes  are  drilled 
at  much  of  an  angle  horizontally  in  studs,  the  specified  VA 


inches  between  the  hole  and  the  edge  of  the  stud  cannot  be 
met.  When  holes  are  less  than  VA  inches  from  the  edge  of 
the  stud,  the  cable  must  be  protected  from  nails  or  screws. 
Metal  sleeves  or  plates  at  least  1/16  inch  thick  are  used  for 
this  purpose. 

Cable  can  be  put  into  notches  cut  in  the  edge  of  framing 
members,  as  shown  in  figure  6-21,  if  the  notches  will  not 
weaken  the  building  structure.  The  notches  should  be  as 
small  as  possible.  Their  depth  must  not  exceed  one-fifth  the 
width  of  the  wood.  Cable  placed  in  notches  is  protected 
from  nails  and  screws  by  1/16-inch  metal  plates  like  those 
in  figure  6-21. 

Cable  is  installed  through  metal  framing  members  in 
about  the  same  way  as  they  are  wooden  ones.  Either  holes 
or  slots  are  used  and  may  be  cut,  punched,  or  drilled  at  the 
factory  or  in  the  field.  Holes  in  metal  members  must  have 
bushings  or  grommets  inserted  securely  to  prevent  damage 
to  the  cable  covering.  If  holes  or  slots  have  been  formed  so 
that  no  metal  edge  can  cut  or  tear  the  cable  insulation, 
bushings  or  grommets  are  not  needed.  A  steel  sleeve,  plate, 
or  clip  must  be  installed  for  protection  wherever  a  cable 
might  be  punctured  or  cut  by  a  nail  or  screw. 
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One  Holt  One  Hole 

ovo5  cable  etrop  ga^j  ^^f^p 


Two   hole  Two  hole 

ovol  coble  strop        emt  etrop 

CEQ-Oet 

Figure  6-19.  Straps  for  fastening  cable. 


Cable  installation.  Tne  first  step  in  wiring  a  building 
after  the  distribution  panel  or  panels  have  been  installed  is, 
in  most  cases,  to  mark  the  location  of  the  outlet  boxes.  The 
boxes  are  then  mounted  in  place  unless  the  mounting  of  a 
box  might  interfere  with  hole  boring  or  cable  anchoring. 
Once  the  boxes  are  in  place,  the  needed  holes  or  notches  are 
made  for  the  installation  of  the  cable. 

Figure  6-22  shows  a  general  view  of  how  the  cable  is  run 
during  circuit  installation.  As  the  figure  illustrates, 
mounting  the  boxes  before  you  run  the  cable  is  not  likely  to 
cause  a  problem  with  the  rest  of  the  work.  A  careful  look  at 
the  figure  will  show  that  with  the  boxes  installed  and  the 
holes  bored,  the  main  remaining  task  to  circuit  installation 
is  to  get  the  cable  from  one  box  to  another. 

Most  cable  used  for  branch  circuits  is  12/2  with  ground 
and  comes  in  a  coil  of  2S0  feet  in  a  carton  or  box.  It  may  be 
available  in  longer  lengths  from  some  companies.  Larger 
cable  is  usually  packaged  in  shorter  lengths.  The  proper 
length  of  cable  should  be  removed  from  the  carton  at  one 
time  to  fit  the  specific  run.  The  best  way  to  do  this  is  to 
place  the  carton  at  one  of  the  outlet  boxes  and  remove 
enough  cable  to  reach  the  other  box.  To  remove  cable  from 
the  carton,  grasp  the  end  through  the  hole  in  the  top  of  the 
carton  and  pull  it  out.  The  cable  comes  out  in  the  form  of  a 
spiral.  This  spiral  must  be  uncoiled  before  tension  is 
applied  to  the  cable  or  before  it  is  threaded  through  any 
bored  holes.  Pulling  on  the  coiled  cable  will  cause  each  coil 
to  become  smaller  and  smaller  until  it  forms  a  sharp  kink 
that  damages  the  insulation  and  prevents  passage  through 
the  bored  holes.  If  more  cable  must  be  removed  from  the 
carton  after  the  free  end  is  fastened,  kinks  can  be  prevented 
if  you  turn  the  box  to  unwind  the  coils  as  the  cable  comes 
out. 


Install  the  cable  by  starting  at  the  free  end.  Strip  6  inches 
of  the  outside  covering  from  the  cable  end.  If  the  box  has 
cable  clamps,  remove  one  of  the  priouts  and  insert  the 
stripped  cable  end  through  the  hole  under  the  clamp  until  a 
quarter  inch  of  the  cable  cover  extends  beyond  the  clamp. 
Tighten  the  clamp  to  hold  the  cable  firmly  in  place.  This 
will  give  you  conductor  ends  6  inches  long  in  the  box. 
These  ends  are  needed  so  that  you  can  make  splices  or 
attach  devices  or  fixtures  easily.  Also,  anchor  the  cable 
within  12  inches  of  the  box. 

Boxes  without  cable  clamps  require  a  little  different 
procedure.  After  stripping  the  cable  end,  remove  one  of  the 
box  knockouts.  Then,  install  a  cable  connector  in  the 
knockout  hole.  Put  the  cable  end  through  the  connector  to 
expose  1/4  inch  of  the  outer  cover  and  fasten  it  in  place. 
Nonmetallic  single  gang  boxes  without  cable  clamps  may 
be  used.  In  such  c  .es,  the  hole  is  punched  out  ot  the  box 
and  the  sttipped  cable  end  is  inserted  through  the  hole  until 
a  quarter-inch  of  the  outside  cable  cover  is  in  the  box.  The 
cable  is  then  anchored  no  more  than  8  inches  from  the  box. 

After  the  free  end  of  the  cable  is  in  the  box,  woik  the 
cable  back  toward  the  other  box.  Run  the  cable  along  the 
framing  members,  fastening  it  at  points  no  more  than  AVi 
feet  apart.  When  you  get  to  the  other  box,  cu  cable  to 
length,  allowing  for  6  inches  of  free  conduc*  the  box. 
Strip  the  outside  covering,  insert  the  cable  ,  fasten  it  to 
the  box,  and  anchor  it  within  1 2  inches  of  th  oox. 

Look  again  at  figure  6-22.  As  you  can  see,  most  of  these 
cables  are  run  through  holes  in  the  framing  members.  When 
holes  are  involved,  you  must  plan  ahead  for  easiest 
installation  and  the  least  waste.  To  run  the  cable  between 
the  two  duplex  receptacle  boxes  in  the  figure,  it  would  be  a 
little  easier  to  put  the  carton  of  cable  near  the  box  on  the 
right  and  thread  it  through  the  holes  to  the  box  on  the  left. 
For  the  circuits  that  run  from  the  left  duplex  receptacle  box 
and  the  switch  box  to  the  ceiling  outlet,  the  carton  of  cable 
should  be  placed  under  the  boxes.  The  cable  is  then 
threaded  up  through  the  holes  to  the  ceiling  outlet.  From 
these  examples,  you  can  see  that  you  need  to  look  at  what  is 
involved  before  you  start  to  run  the  cable  for  a  circuit. 

E.:ercises  (255): 

1.  What  sources  of  information  does  an  electrician 
depend  upon  when  detailed  wiring  specifications  for  a 
building  are  not  furnished? 


2.  What  principle  does  an  electrician  use  as  much  as 
possible  when  routing  circuits? 


3.  Where  will  most  circuits  be  in  a  one-story  residence? 
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.d. 


4.  Identify  the  following  statements  as  true  or  false  by 
entering  T  or  F  in  the  space  provided.  Correct  the  false 
statements. 

 a.    Cable  must  be  anchored  within  12  inches 

of  a  box  or  cabinet. 
 b.    Cable       be  anchored  at  any  convenient 

interval  as  long  as  it  follows  the  framing 

members. 

 c.    Concealed  cable  is  usually  fastened  to 

framing  members  with  cable  clips. 
Cables  run  diagonally  across  joists  should 
be  fastened  on  every  third  joist. 
Cable  that  parallels  a  joist  is  best  attached 
to  the  side. 

Guard  strips  must  be  used  for  all  cable  on 
joists  within  7  feet  of  the  scuttle  hole. 
All  cable  mounted  on  the  face  of  studs  and 
rafters  needs  guard  strips. 
Guard  strips  are  used  to  protect  all  cable  on 
top  of  joists  when  entry  to  the  attic  is  by 
stairs. 

Cable  consisting  of  three  No.  8  conductors 
can  be  run  across  the  bottom  of  the  ceiling 
joists  in  an  unfinished  basement. 
Cable  run  at  an  angle  for  an  overhead  light 
in  an  unfinished  basement  must  be  run 
through  I'jles  in  the  ceiling  joists  or 
attached  to  a  ruiming  board. 


.f. 


.h. 


S.  When  exposed  circuits  arc  put  in,  how  should  cable  be 
installed? 


6.  Where  should  cable  be  anached  on  the  stud  when  it  is 
run  to  a  box  mounted  flush  with  the  face  of  an  open 
stud? 


7.  How  is  cable  installed  on  a  finished  surface  usually 
anchored? 


8.  Whaf  is  the  difference  between  a  cable  anchor  for  a 
cable  with  three  No.  8  conductors  and  one  for  a  cable 
with  two  No.  12  conductors? 


9.  When  making  bends  in  nonmetallic  cable,  what  must 
be  the  size  of  the  radius  of  the  bend? 


10.  What  is  the  least  protection  required  for  exposed  cable 
that  passes  throu^  a  floor? 
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1 1 .  What  is  the  least  protect   a  required  for  exposed  cable 
that  passes  through  a  floor? 


23.  What  is  the  purpose  of  providing  6  inches  of  conductCH' 
inside  an  outlet  box? 


12.  What  action  is  required  where  exposed  cable  on  a  wall 
may  be  vulnerable  to  physical  damage? 


24.  How  does  the  procedure  for  installing  cable  in  a  box 
differ  from  that  previously  used  when  the  box  does  not 
have  cable  clamps? 


13.  What  is  meant  by  concealed  wiring? 


25.  How  do  you  install  cable  in  a  nonmetallic  box  that 
does  not  have  clamps? 


14.  What  does  wooden  framing  require  the  use  of  in  order 
to  install  concealed  wiring? 


26.  What  is  the  procedure  for  getting  the  cable  installed 
between  the  outlet  boxes? 


IS.  What  size  bit  is  usually  used  to  install  concealed 
lighting  and  outlet  circuits  in  a  building? 


27.  When  cutting  cable  to  length  for  attachment  to  a  box, 
what  must  you  allow? 


16.  Why  is  it  particularly  undesirable  to  drill  cable  holes  in 
2"  X  4*^  studs  at  any  angle  other  than  horizontally? 


28.  What  should  you  do  bef^^re  starting  to  run  cable  when, 
holes  through  framing  members  are  involved? 


17.  How  is  concealed  cable  installed  when  metal  studs  are 
used? 


18.  What  actions  are  taken  between  the  time  the 
distribution  panel  is  installed  and  the  start  of  cable 
installation  when  circuits  are  being  installed? 


19.  Describe  the  cable  usually  used  for  installing  branch 
circuits  and  the  way  in  which  it  is  packaged. 


20.  How  is  cable  removed  from  its  carton? 


21 .  What  happens  if  cable  is  used  without  being  uncoiled? 


22.  What  is  the  procedure  for  installing  the  free  end  of  the 
cable  in  an  outlet  box? 


6-3.  Finish  Woric 

After  the  circuits  have  been  wired  or  roughed  in,  your  job 
comes  to  a  halt  for  a  while.  You  must  wait  for  the  walls  and 
ceilings  to  be  put  on.  In  most  cases,  you  do  not  start  the 
electrical  finish  work  until  the  walls  and  ceilings  have  been 
taped,  bedded,  textured,  and  painted  or  papered.  After  all 
this  is  done,  you  can  splice  wires  as  needed  and  install  the 
receptacle  outlets,  switches,  and  lighting  fixtures. 

231.  Specify  types  of  splices  used  In  interior  electrical 
circuits  aiid  identify  procedures  for  making  them. 

Splicing.  A  great  many  of  the  wires  put  in  for  circuits  in 
a  building  will  have  to  be  spliced.  These  splices  are  needed 
to  connect  wires  in  various  parts  of  the  circuits  to  form 
complete  circuits  that  will  provide  power  where  it  is 
needed.  Splices  are  also  used  to  connect  and  add  ground 
wires  so  that  all  metal  units  in  electrical  circuits  are  joined 
together  and  grounded  as  a  means  of  reducing  shock 
hazards.  The  splices  you  make  most  of  the  time  are  quite 
simple.  The  main  thing  to  remember  when  making  a  splice 
is  that  it  must  be  both  mechanically  and  electrically  secure. 
That  is,  the  splice  should  be  as  strong  as  a  continuous  wire 
and  must  conduct  electricity  as  well  as  if  it  were  one  piece. 
The  splices  you  make  in  most  cases  can  be  classed  as 
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soldered  pigtails,  solderless  pigtails,  tee  splices,  and 
compression  or  crimp  joints . 

Insulation  removal.  The  first  step  in  making  a  splice  is  to 
get  the  insulation  off  the  conductors  so  that  they  can  be 
jointed  electrically.  On  small  conductors.  No.  10  AWG  and 
smaller,  many  electricians  use  a  wi'-  *  stripper  like  the  one 
discussed  in  the  chapter  on  tooh  ^en  you  use  a  wire 
stripper,  make  sure  you  use  the  cutting  notch  that  matches 
the  wire  size  to  keep  from  nicking  the  wire.  A  nicked  wire 
will  break  when  it  is  bent.  Cut  through  the  insulation  about 
114  to  1V4  inches  from  the  wire's  end  and  then  use  side 
pressure  to  slip  the  cut  insulation  off  the  wire.  Insulation 
can  also  be  removed  with  a  knife.  In  fact,  many  electricians 
prefer  Ais  method  because  of  the  frequency  with  which 
nicks  occur  when  a  stripper  is  used.  You  must  use  a  knife  to 
take  insulation  off  larger  conductors  and  on  the  through 
wire  for  a  tec  splice. 

When  you  use  a  knife,  do  not  ring  the  insulation  or  cut 
straight  through  it  to  the  wire — in  either  case,  you  will 
probably  score  or 'cut  the  wire.  Start  by  cutting  the 
insulation  at  an  angle  of  about  30°  Remove  the  insulation  as 


you  would  sharpen  a  pencil,  taking  care  not  to  cut  the  wire. 
After  the  insulation  is  off.  the  end  of  the  conductor  will  look 
like  that  shown  at  the  upper  left  of  figure  6-23.  Check  the 
ends  of  the  conductors  to  be  sure  they  are  free  of  insulation 
and  oxidation.  Use  your  blade  to  scrape  the  conductors  if 
they  are  not  completely  clean. 

Soldered  pigtail  splice.  The  first  step  in  making  this 
splice  is  to  twist  the  wires  together.  Cross  the  wires  near  the 
insulation  as  shown  at  the  upper  right  of  figure  6-23.  Leave 
just  enough  space  to  grip  the  wires  with  a  pair  of  longnose 
pliers.  Use  your  sidecutting  pliers  to  twist  the  wires  together 
until  you  have  six  twists,  as  indicated  at  the  left  center  of 
figure  6-23.  Fold  the  ends  over  against  the  twists,  as  shown 
at  the  right  center.  Solder  the  splice  by  heating  it  from  the 
bottom,  using  a  torch  or  soldering  iron,  as  shown  at  the 
bottom  of  the  figure.  Heat  the  wires  until  they  melt  the 
solder,  which  will  flow  around  the  wires  to  form  a  good 
smooth  bond.  Do  not  move  the  splice  until  the  solder  has 
cooled.  Many  electricians  do  not  bother  to  bend  the  wire 
ends  back  along  the  twist,  sincd  it  is  easier  to  cut  them  off. 
Such  joints  are  usually  strong  enough  but  are  more  apt  to 
pierce  the  tape  used  for  insulation. 


6  Twists 


Ends  Folded 
Back 


Wire 
< — Solder 


Torch 
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Figure  6-23.  Making  a  pigtail  splice. 
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Figure  6-24.  Taping  a  pigtail  splice. 


Insulate  the  completed  splice  with  tape.  Most  insulation 
is  P'.nv  done  with  plastic  electrical  tape.  This  tape  is  quite 
Hcxible.  One  layer  will  insulate  against  600  volts. 
Hmvever.  most  splices  are  insulated  with  at  least  four  layers 
of  tape  for  physical  protection.  Some  tension  should  be  put 
on  the  tape  as  you  wrap  it  so  thai  a  close,  smooth  wrapping 
is  formed.  Since  the  tape  stretches,  you  can  vary  the  tension 
as  needed  to  make  it  conform  to  angle  and  diameter  changes 
to  insure  a  snug  fit.  Start  the  tape  on  one  leg  of  the  Y,  as 
shown  at  the  upper  left  of  figure  6-24.  Tape  to  where  the 
wires  join  and  tape  up  the  other  leg,  as  shown  at  the  upper 
right  of  the  figure.  After  two  turns,  begin  taping  back 
toward  the  end  of  the  splice.  Half  lap  each  turn  of  tape  until 
you  are  half  the  width  of  the  tape  past  the  end  of  the  wire  as 
you  see  in  the  figure  at  the  lower  left.  Double  the  tape  back 
over  the  end  and  continue  taping,  but  back  toward  your 
starting  point.  Doubling  the  tape  over  also  changes  the 
direction  of  the  wrap.  Tape  back,  half  lapping  each  turn,  to 
where  you  started  to  tape,  as  shown  at  the  bottom  right  of 
the  figure.  You  should  now  have  a  splice  insulated  with 
four  layers  of  tape  applied  in  one  continuous  piece. 


Solderless  pigtail  splice.  The  soldcrlcss  pigtail  splice  is 
quite  a  bit  like  a  soldered  pigtail  but  is  easier  to  make.  The 
insulation  is  stripped  from  the  wire  ends  as  before  but  only 
about  three  twists  are  made  in  the  wires.  The  splice  is  then 
finished  with  a  wire  nut.  The  simplest  form  of  a  wire  nut  is 
a  hard  plastic  shell  with  a  coiled  steel  wire  insert.  Another 
type  of  wire  nut  has  a  Hexible  plastic  L\)ver  over  a  threaded 
steel  insert,  h  also  has  two  small  Hanges  to  allow  you  to 
tighten  the  nut  more  than  you  ci)uld  a  rouml  one. 

Tap  splice.  The  tap  or  tee  splice  gets  its  name  from  the 
way  it  is  tapped  or  teed  ^ff  a  through  conductor.  About  I 
inches  of  the  insulation  is  cut  from  the  through  conductor 
with  a  knife  (fig.  6-25,  upper  left).  The  ends  of  the 
insulation  are  tapered  as  they  would  be  for  a  pigiail  splice. 
About  2  inches  of  insulation  are  stripped  from  the  end  of  the 
tap  wire.  Place  the  tap  wire  over  the  through  wire,  as  in  the 
upper  right  illustration,  so  that  there  is  a  quarter-  inch  space 
between  the  insulation  and  the  crosspoint.  Make  the  first 
wrap  of  the  tap  wire  as  a  .spread  out  or  open  wrap,  as  shown 
at  the  left  center  of  the  figure.  Now,  make  iwo  or  three  tight 
wraps  of  the  tap  wire,  then  finish  with  one  or  two  more 
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Figure  6-25.  Making  a  tap  splice. 


wraps  that  you  pull  tight  with  a  pair  of  pliers  as  shown  in  the 
Illustration.  Cut  off  the  surplus  end  and  squeeze  the 
remaining  end  down  tight.  Solder  the  splice  by  applyine 
heat  under  the  tight  turns  until  the  wire  melts  the  solder  and 
itflows  mto  the  joint,  as  shown  at  the  bottom  of  the  figure. 
Do  not  so  der  the  open  wrap  since  it  gives  some  flexibility 
which  will  prevent  tap  wire  breakage  in  case  of  vibration. 

A  variation  of  the  tap  splice  is  the  knotted  tap.  Some 
people  like  this  splice  since  it  locks  tightly  on  the  through 
wire  where  the  tap  wire  joins  to  eliminate  breaking  the 
solder  loose  on  the  joint.  The  tap  wire  is  looped  back 
around  itself  after  it  is  hooked  over  the  through  wire.  The 
splice  is  finished  with  five  tight  turns  around  the  through 
wire  and  then  soldered. 


The  tap  splice  is  insulated  with  plastic  tape  in  the  same 
manner  as  is  used  on  a  pigtail.  You  can  start  the  tape  at  any 
ot  the  spots  where  the  insulation  was  cut.  Most  people  find 
It  easier  to  start  at  the  left  end.  Begin  with  two  wraps  of  taoe 
and  tape  to  the  other  end.  half  lapping  the  tape  on  each  tunT 
At  the  right  end.  make  four  wraps  and  tape  back  to  the  tee 
lape  out  to  the  end  of  the  bare  tee  and  back  to  the  through 
wire.  Finish  by  taping  from  the  tee  back  to  the  left  end  The 
result  IS  a  splice  with  four  layers  of  tape  put  on  in  one 
continuous  piece. 

Crimp-type  splice.  The  crimp-type  splice  (also  known  as 
a  compression  splice")  is  made  with  a  sleeve  that  is 
cnmped  in  place  with  a  special  tool.  Crimp-type  splicing 
sleeves  come  in  quite  a  few  different  designs,  with  or 
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without  their  own  insulation.  One  that  is  quite  common 
with  interior  wiring  is  a  plain  noninsulated  sleeve  used  to 
splice  several  grounding  conductors  together,  such  as 
would  be  found  in  an  intermediate  receptacle  outlet  box.  To 
make  the  splice,  all  the  wires  involved  are  placed  Ihrough 
the  sleeve  and  crimped  tight  with  the  special  tool  for  that 
type  of  sleeve.  Make  sure  each  wire  is  held  securely  in  the 
sleeve.  In  this  case,  no  insulation  is  put  on  the  splice  since 
all  the  ground  wires  are  bare.  A  second  example  of  a 
crimped  splice  is  a  pigtail  and  is  similar  to  those  we 
discussed  earlier,  except  the  ires  are  not  twisted  together. 
They  are  put  in  the  sleeve  (actually  a  closed  cap)  and 
crimped  with  the  special  tool.  This  sleeve  is  already 
insulated  ar.d  does  not  have  to  be  taped  after  it  ii  crimped. 

Exercises  (256): 

1.  State  two  reasons  for  making  splices  in  an  interior 
electrical  system. 


2.  What  two  requirements  must  a  splice  meet? 


9.  Indicate  the  correct  and  incorrect  statement  on  making 
a  pigtail  splice  by  entering  C  or  1  in  the  space 
provided. 

*  a.    After  the  wires  are  crossed,  hold  them  in 

position  with  a  pair  of  sidecutting  pliers. 
 b.    A  pair  of  sidecutting  pliers  are  used  to 

twist  the  wires  together. 
 c.    A  pigtail  splice  should  have  at  least  three 

but  not  more  than  five  twists. 
 d.    Bend  the  wire  ends  back  along  the  twists  to 

complete  the  splice. 
 e.    Solder  the  splice  by  heating  the  wires  to 

melt  the  solder. 

10.  What  material  is  normally  used  to  insulate  a  soldered 
pigtail  splice? 


11.  Kow  many  layers  of  tape  are  required  for  a  well- 
insulated  splice? 


3.  Name  four  types  of  splices  used  in  interior  wiring. 


12.  What  is  the  advantage  of  having  a  tape  that  stretches 
when  you  insulate  a  splice? 


4.  On  small  conductors,  what  is  the  easiest  method  of 
removing  the  insulation  for  making  a  splice? 


13.  How  is  tape  applied  to  a  splice  to  insure  adequate 
coveiage  without  going  over  it  several  times? 


5.  What  is  the  main  disadva. '  gc  of  removing  insulation 
with  a  stripper? 


14.  How  is  a  solderless  pigtail  splice  made  and  insulated? 


6.  What  is  used  to  remove  insulation  from  a  No.  8  AWG 
conductor? 


IS.  The  end  of  a  conductor  is  attached  to  an  unbroken 
conductor  with  what  type  of  splice? 


7.  How  do  you  remove  insulation  from  the  end  of  a  wire 
with  a  knife? 


8.  What  action  is  required  if  the  end  of  a  bare  wire  is 
covered  with  oxidation? 


16.  Identify  the  true  and  false  statements  in  the  following 
list'by  putting  a  T  or  F  in  the  blank  space: 

 a.    After  the  insulation  is  removed  for  a  tap 

splice,  there  are  three  tapered  ends. 
 b.    The  first  wrap  of  the  tap  wire  is  spread  out 

when  making  a  tap  splice. 
 c.    The  tap  wire  wraps  on  a  tap  splice  are  all 

r  *  !^  using  a  pair  of  pliers  to  pull  them 

tii.*t. 

 d.    Solder  the  full  length  of  wraps  to  complete 

a  tap  splice. 

 e.    When  soldering  a  tap  splice,  be  sure  to 

apply  heat  to  the  solder  until  it  flows 
freely. 
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Figure  6-26.  Device  grounding  (nwre  than  one  recepcacle  in  ihe  circuil). 


 f.    A  knotted  tap  splice  is  less  likely  to  break 

the  solder  joint  than  is  a  plain  tap  splice. 

 g.    When  taping  a  tap  splice,  you  can  start 

taping  at  any  end  of  conductor  insulation. 

17.  Whnt  two  items  are  needed  to  make  a  compression 
splice? 


18.  What  is  the  purpose  of  a  noninsulated  sleeve? 


19.  What  kind  of  splice  would  you  make  with  an  insulated 
sleeve  that  has  one  closed  end? 


green,  or  green  with  yellow  stripes.  The  equipment  ground 
docs  not  normally  carry  current.  The  only  time  it  docs  is 
when  there  is  a  fault  in  the  circuit,  such  as  occurs  when  a 
hot  conductor  touches  a  box.  This  fault  causes  a  large 
current,  which  trips  the  circuit  breaker  or  blows  the  fuse 
protecting  the  circuit.  Some  wiring  systems  do  not  need  the 
separate  equipment  grounding  conductor  because  of  the 
nature  of  the  inclosure  used  for  the  wires.  These  systems 
include  rigid  metal  conduit,  intermediate  metal  conduit, 
EMT,  and  other  raceways  approved  by  the  NEC.  Although 
the  equipment  grounding  conductor  is  not  required  for  these 
systems,  there  are  some  places  where  the  system  must  be 
bonded  to  ground.  One  such  place  is  at  the  service 
equipment,  as  shown  in  Chapter  4. 

Box  grounding.  In  the  previous  section,  you  learned  how 
to  make  splices  that  will  insure  the  continuity  of  the 
equipment-grounding  conductor  throughout  the  circuit.  In 
addition  to  the  splices  required,  grounding  connections 
must  be  made  to  die  boxes  used  in  a  circuit  to  insure  that 
they  arc  also  grounded.  At  all  outlet  boxes  that  require 
grounding  according  to  the  NEC,  the  equipment  grounding 
conductor  must  be  fastened  to  the  box  using  either  a 
grounding  clip  or  a  grounding  screw.  A  screw  used  for 
grounding  purposes  must  not  be  used  for  any  other  purpose. 
When  the  grounding  clip  is  used,  the  grounding  wire  is 
slipped  through  the  clip  and  then  the  clip  is  forced  onto  the 
edge  of  the  box. 

Device  grounding.  A  device,  according  to  the  NEC,  is  a 
unit  of  an  electrical  system  that  is  intended  to  carry  but  not 
utilize  electrical  energy.  The  switches  and  receptacles  you 
will  be  installing  are  devices.  The  NEC  does  not  require 
that  all  devices  be  grounded.  However,  the  duplex 
receptacle,  a  type  of  device  you  will  be  installing  quite 
often,  docs  require  that  a  grounding  jumper  be  connected  to 
tl:e  equipmen'  ground.  The  grounded  duplex  receptacle 
comes  equipped  with  a  green  hexhead  screw  to  be  used  for 
connecting  the  grounding  wire.  When  more  than  one 
receptacle  is  connected  in  a  circuit,  the  NEC  requires  that 
these  receptacles  be  connected  to  the  grounding  wire  in 
such  a  way  that  the  contuiuity  of  the  circuit-equipment 


257.  Specify  accepted  practices  and  procedures  to  follow 
when  installing  equipment  grounds  at  boxes  and  devices. 

Equipment  Grounding.  Equipment  grounding,  as 
explained  previously,  is  the  connection  of  all  exposed 
noncurrent-carryin^  metal  parts  of  an  electrical  system  to 
the  earth.  This  is  done  to  protect  anyone  who  might  come  in 
contact  with  these  parts  from  being  shocked,  should  they 
become  hot,  and  also  to  protect  equipment  from  damage. 
Grounding  is  accomplished  when  all  the  noncumnt- 
carrying  metal  parts  are  connected  to  a  grounding  conductor 
(or  other  means,  as  approved  by'  the  NEC)  and  the 
grounding  conductor  connected  to  earth  at  the  service 
equipment  or  panelboard. 

If  a  circuit  is  to  be  wired  with  nonmctallic  sheathed 
cable,  the  equipment  grounding  conductor  will  be  bare. 


GROUNO!NG  CLIP 
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Figure  6-27.  Single  receptacle  grounding  using  a  clip. 
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ground  is  not  broken  if  the  receptacle  is  removed.  Figure  6- 
26  shows  how  the  equipment  ground  must  be  connected  to 
the  receptacle  when  there  is  more  than  one  outlet  in  the 
circuit.  Notice  in  the  Figure,  that  if  you  were  to  remove  the 
receptacle,  the  grounding  circuit  would  still  be  complete. 
Figure  6-27  shows  an  example  of  how  a  single  receptacle  in 
a  circuit  can  be  grounded  using  a  grounding  clip. 
Grounding  the  receptacle  in  this  way  bonds  the  box, 
grounding  wire,  and  receptacle,  and  precludes  use  of  an 
additional  jumper  wire.  There  are  two  situations  that  do  not 
require  that  the  receptacle  be  bonded  to  the  box  or  to  the 
grounding  conductor  with  a  jumper  wire.  The  first  is  where 
the  box  is  surface-mounted  and  there  is  metal-to-metal 
contact  between  the  yoke  of  the  receptacle  and  the  box.  The 
second  is  where  the  yoke  of  the  receptacle  is  designed 
specifically  for  providing  metal-to-metal  contact  between 
the  yoke  of  the  receptacle  and  a  flush-mounted  box. 

Exercises  (257): 

1.   What  type  of  wiring  systems  do  not  require  an 
equipment  grounding  conductor? 


2.  On  systems  that  do  not  require  an  equipment- 
grounding  conductor,  where  is  one  place  that  the 
system  must  be  bonded  to  ground? 


3.  What  are  the  two  methods  used  for  connecting  the 
equipment  ground  to  a  box? 


4,  What  grounding  requirement  must  be  met  when  more 
than  one  receptacle  is  connected  in  a  circuit? 


S.   What  two  situations  do  not  require  using  a  grounding 
jumper  on  a  receptacle? 


6.  On  a  duplex  receptacle,  which  screw  is  used  for 
connecting  the  equipn*i,:M  giound? 


7.  Under  what  condition  does  the  equipment  groui.d  carry 
current? 


EKLC 


8.   How   will   the   equipment   ground   in  noninctallic 
.sheathed  cable  be  identified? 


258.  Specify  types  of  terminal  connections  uscdi  to  install 
switches,  receptacles,  and  fixtures,  and  cite  the  practices 
and  procedures  u.sed  to  complete  the  finish  work. 

Terminal  Connections.  Th.e  next  step  of  the  finish  work 
that  must  be  doiie  before  the  circuit  can  be  checked  for 
operation  is  ihc  conneclion  ol  lonninals.  Properly  made 
terminal  connections  are  very  important  for  .several  reasons. 
The  operation  of  the  circuit,  prevention  of  fire,  and  safety 
of  personnel  all  depend  on  good  electrical  connections.  As 
is  true  with  splices,  an  electrical  connection  inu.st  be 
electrically  and  nicchanically  .secure. 

The  in')st  common  connection  u.sed  on  devices  and 
fixtuics  is  the  terniinal  loop  and  sciew.  lo  make  the 
tcrniinal  loop,  you  must  fiist  remove  about  3/4  inch  of 
insulation  from  the  end  of  the  conductor  that  is  to  be 
connected.  Then  u.sc  a  pair  of  longnose  or  ncedlenose  pliers 
to  make  a  loop  in  the  end  of  the  bare  wire.  Place  the  loop 
around  the  screw  terminal  in  a  cinf.kwi.se  direction  and 
tighten  the  screw.  If  the  loop  is  not  placed  around  the  screw 
in  this  way,  the  .screw  will  tend  to  spread  the  loop  as  it  is 
tightened.  When  you  make  this  type  of  connection,  the 
insulation  mu.st  cover  the  wire  clo.se  to  the  terminal  screw. 
If  too  much  insulation  is  removed,  the  bare  wire  is  exposed 
and  might  come  in  contact  with  the  box  or  another 
conductor  and  cause  a  ground  or  short. 

Some  receptacles  and  switches  are  made  .so  that  they  can 
be  wired  from  the  back  without  using  a  terminal  loop.  With 
these  devices,  all  you  have  to  do  is  stiip  the  desired  amount 
of  insulation  and  in.sert  the  bare  wire  into  the  hole  near  the 
terminal  screw  to  complete  the  connection.  With  some  of 
these  devices,  the  wire  is  clamped  when  it  is  inserted.  With 
others,  you  mu.st  loosen  the  screw  terminal  near  the  hole, 
then  insert  the  wiie  and  tighten  the  terminal  screw.  The 
strip  gage  on  the  back  shows  Iu.av  much  insulation  .should  be 
removed. 

The  installation  of  fixtures  at  an  outlet  al.so  requires  .some 
type  of  terminal  connection.  Here  again,  if  the  fixture  has 
terminal  screws,  the  most  common  connection  will  be  the 
terminal  loop.  Some  fixtuies  come  with  stranded  terminal 
wires.  If  this  is  the  case,  the  circuit  wires  are  pigtailed  to  the 
fixture  wires  using  wire  nuts  (fig.  6-28). 

Remember,  when  connecting  leceptacles  and  fixtures, 
you  must  observe  the  terminal  color  coding.  Ihe 
ungrounded  (hot)  wire  must  be  connected  to  the  dark 
colored  (brass)  .sciew  of  the  device  or  to  the  black  fixture 
wire.  The  grounded  or  neutral  (white)  wire  must  be 
connected  to  the  silver  screw  of  the  device  or  to  the  white 
fixture  wire.  Finally,  the  grounding  wire  or  equipment 
ground  must  be  connected  as  described  in  the  previous 
objective.  The  only  terminal  colc^r  coding  to  ob.serve  when 
connecting  switches  is  when  wiring  a  3 -way  or  4-way 
switch  system,  the  hot  wiie  should  be  connected  to  the 
common  terminal  of  the  3-way  switch. 
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Figure        Fixture  connections. 


Device  and  Fixture  Installation.  Once  the  splices, 
terminal  connections,  and  grounding  connections  are  made, 
the  device  or  fixture  can  be  mounted  to  the  box  and  the 
covers  can  be  installed  where  needed.  The  mounting  of 
receptacles  and  switches  is  the  same.  To  place  the  device  in 
the  box,  bend  the  wires  so  that  they  will  fold  up  when  the 
device  is  pushed  into  place.  Most  switches  and  receptacles 
come  equipped  with  two  7/8  inch,  No.  6  screws,  and 
receptacles  come  equipped  with  two  7/8  inch.  No.  6  screws 
with  32  threads  per  inch  (commonly  called  6-32  screws)  for 
mounting.  The  mounting  holes  on  the  switch  are  slotted. 
These  slots  let  you  mount  the  switch  straight  up  and  down, 
even  though  the  box  may  not  be  set  straight. 

The  mounting  of  fixtures  is  sometimes  a  little  more 
complicated,  depending  upon  the  type  of  fixture  to  be 
mounted.  Those  that  are  mounted  directly  to  the  box,  such 
as  a  porcelain  fixture,  are  attache j  to  the  box  with  8-32 
screws  through  the  mounting  tabs.  Others  that  mount  to  the 
box  may  require  a  mounting  strap  In  this  case,  you  use  8- 
32  screws  to  mount  the  strap  to  tlie  box  and  then  use  the 
fixture  screws  to  hold  the  fixture  to  the  strap.  Some 
suspended  fixtures  are  mounted  to  the  box  by  use  of  a 
coupling  called  a  hickey,  between  the  box  stud  and  the 
fixture  stem.  The  n  iaximum  weight  of  a  fixture  that  can  be 
supported  by  an  outlet  box  is  50  pounds.  Any  fixture  that 
weighs  more  than  SO  pounds  must  be  supported  in  some 
other  way. 

Recessed  fixtures  come  in  two  basic  types:  prewired  and 
unwired.  Both  of  these  are  mounted  between  the  joists  with 
special  bar  hangers.  The  prewired  fixture  comes  with  a 
separate  junction  box  for  the  connection  of  the  circuit  wires 


to  the  fixture  wires.  1  his  fixture  is  prewired  with  flexible 
conduit  and  heat-resistant  wire.  The  unwired,  recessed 
fixture  must  be  mounted  at  least  1  foot  from  the  outlet  or 
junction  box  from  which  it  receives  its  power,  and  must  be 
wired  with  heat-  resistant  wire.  Flexible  conduit  must  not  be 
less  than  4  feet  long  and  no  more  than  6  feet  long. 

There  are  times  when  you  need  to  mount  a  fixture 
directly  to  the  ceiling,  especially  fluorescent  fixtures.  To 
mount  a  fixture  to  the  ceiling,  you  should  use  wood  screws, 
toggle  bolts,  hollow  wall  anchors,  or  lead  anchors, 
depending  on  the  type  of  ceiling  material  and  the  weight  of 
the  fixture.  On  a  sheetrock  ceiling,  wood  screws  will  not 
hold  a  fixture  unless  the  fixture  mounting  holes  line  up  with 
the  ceiling  joists.  If  the  holes  do  line  up,  you  should  use 
wood  screws  that .  e  long  enough  to  catch  a  good  hold  in 
the  wood  (at  least  1  '/4  inches  long).  If  the  holes  do  not  line 
up,  you  should  use  toggle  bolts.  To  mount  an  unusually 
heavy  fixture  on  sheetrock,  a  wood  strip  placed  between  the 
toggle  of  the  toggle  bolt  and  the  sheetrock  will  keep  the 
toggle  from  pulling  through.  Where  a  fixture  is  to  be 
mounted  on  concrete,  you  should  use  lead  anchors  and 
machine  screws.  Due  to  the  wide  variety  of  fixtures  an 
methods  of  installation,  consult  the  NEC  for  specific 
installation  requirements  when  fixtures  are  not  familiar  to 
you. 

Finally,  you  are  ready  to  install  the  covers  where  they  are 
needed.  The  purpose  of  covers  for  devices  and  fixtures  is 
threefold.  They  provide  a  finished  appearance,  help  protect 
the  conductors  and  connections,  and  prevent  anyone  from 
coming  in  contact  with  hot  conductors.  There  are  as  many 
different  types  of  covers  as  there  are  types  of  devices  and 
fixtures.  Most  of  the  time,  when  you  are  covering  a  device, 
you  will  put  on  flat  switchplates  and  flat  duplex  receptacle 
plates.  The  switchplate  is  installed  with  two  6-32  screws, 
3/8  inch  long  that  fasten  the  plate  to  the  switch.  The  duplex 
plate  takes  just  one  6-32  screw  to  fasten  it  to  the  receptacle. 
Since  the  plates  fasten  to  the  devices,  you  must  make  sure 
the  devices  are  straight  so  that  the  plates  will  be  straight. 
Raised  covers  are  somewhat  different  in  that  the  device  is 
fastened  to  the  cover  with  two  screws  and  then  the  cover 's 
fastened  to  f'le  box.  The  device  is  not  actually  fastened  to 
the  box.  If  there  is  any  question  about  installing  a  fixture 
cover,  refer  to  the  manufacturer's  instructions. 

Exercises  (258): 

1 .  What  are  three  reason$  for  making  sure  that  terminal 
connections  are  mechanically  and  electrically  secure': 


2.  What  type  of  terminal  connection  is  used  most  often  on 
devices  and  fixtures? 


3.  What  is  the  first  step  performed  when  making  a 
terminal  loop? 
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4.  What  tool  is  used  to  make  a  terminal  loop? 


13.  What  type  wire  must  be  run  to  an  unwired  recessed 
light  fixture? 


S.  Why  must  a  terminal  loop  be  placed  around  the  screw 

in  a  clockwise  direction?  14.  How  are  recessed  fixtures  mounted? 


6.  How  arc  terminal  connections  made  on  fixtures  that       15.  what  are  the  minimum  and  maximum  lengths  of 
have  stranded  fixture  wires  aheady  attached?  flexible  conduit  that  can  be  run  to  a  recessed  fixture? 


7.  Which  terminal  screw  is  the  ungrounded  conductor       16.  Name  three  fastening  devices  used  to  mount  a  fixture 
connected  to  when  connecting  a  receptacle  or  fixture?  directly  to  a  ceiling. 


8.  Which  conductor  is  connected  to  the  silver  terminal  of       17.  when  can  wood  screws  be  used  to  fasten  a  fixture 
a  receptacle  or  fixture?  directly  to  a.sheetrock  ceiling? 


9.  What  size  screws  are  used  to  mount  a  receptacle  or       ig.  How  can  an  unusually  heavy  flxture  be  mounted 
switch  to  a  box?  directly  to  a  sheetrock  ceiling? 


19.  What  type  of  fasteners  are  used  to  mount  a  fixture  to  a 
10.  What  is  the  maximum  weight  fixture  that  can  be  concrete  ceiling? 


supported  from  an  outlet  box? 


1 1 .  What  size  screws  are  used  to  mount  a  fixture  directly 
to  an  outlet  box? 


20.  What  are  the  purposes  for  covering  devices  and 
fixtures? 


2 1 .  What  size  and  how  many  screws  are  needed  to  attach  a 
flat  cover  plate  to  a  receptacle? 


12.  How  far  must  an  unwired  recessed  fixture  be  mounted      22.  What  procedure  is  necessary  to  straighten  up  a  crooked 
from  the  outlet  or  junction  box?  switchplate? 
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CHAPTER  7 


Circuit  Installation  with  Conduit 


AS  AN  ELECTRICIAN  in  the  Air  Force,  you  will  be  called 
on  to  install  all  types  of  wiring  systems.  Unlike  electricians 
in  civilian  life  who  often  specialize  in  installing  specific 
systems,  you  must  be  able  to  install  any  type.  In  many 
locations,  you  may  have  to  install  a  wiring  system  that  will 
require  the  added  protection  provided  by  conduit.  The  types 
of  conduit  and  fittings  and  where  they  are  used  were  taught 
in  Chapter  3.  In  this  chapter,  we  will  discuss  the  procedures 
used  for  cutting,  threading,  and  bending  conduit  for 
installation. 

7*1  •  Conduit  Cutting  and  Threading 

Although  it  may  seem  at  first  glance  to  be  a  simple  task, 
cutting  and  threading  conduit  efficiently  requires 
considerable  skill.  With  the  instruction  that  follows,  and 
with  on-the-job  experience,  you  should  soon  be  able  to  do 
this  well . 

259.  Specify  practices  and  procedures  used  for  cutting 
and  threading  conduit. 

Conduit  Cutting.  Regardless  of  the  type  of  conduit  you 
are  installing,  you  will  often  have  to  cut  it  to  make  it  fit. 
Rigid  conduit  can  be  cut'  with  either  a  hacksaw  or  a  ^ .  ->€ 
cutter.  Although  a  vise  is  not  absolutely  necessary,  it  makes 
cutting  with  either  tool  much  easier.  When  you  cut  any 
conduit  with  a  hacksaw,  you  should  use  a  blade  with  18  to 
32  teeth  per  inch.  A  blade  with  fewer  teeth  will  hang  up  or 
bind  and  may  even  break.  Place  the  blade  in  the  hacksaw 
frame  so  that  the  teeth  will  cut  when  you  push  the  saw 
forward.  Place  the  pipe  in  the  vise  so  that  there  will  be 
ample  room  between  the  vise  and  where  the  cut  will  be. 
This  will  let  you  saw  without  hitting  your  hands  on  the  vise 
and  will  also  allow  enough  room  for  threading  purposes 
after  the  cut  is  made.  Remember,  let  the  saw  work  for  you, 
don't  force  it.  Use  a  steady,  forward  cutting  stroke  with 
light  to  medium  pressure. 

To  use  a  pipe  cutter,  place  the  conduit  in  the  vise  as  was 
described  for  cutting  with  a  hacksaw.  Put  the  cutter  over  the 
conduit  and  adjust  it  until  the  cutting  wheel  makes  contact 
at  the  point  of  the  cut.  Tighten  the  cutter  just  enough  to 
score  the  pipe  on  the  first  turn,  then  screw  the  handle  in 
about  one-fourth  of  a  turn  for  each  turn  around  the  conduit 
until  the  cut  is  complete.  Cutting  oil  can  be  used  to  ease  the 
cutting  action.  Intermediate  conduit  and  rigid  conduit  are 
cut  in  the  same  way. 

Thin-wall  conduit  (EMT)  and  polyvinyl  chloride  (PVC) 
should  be  cut  with  a  hacksaw,  because  pipe  cutters  may 
flatten  the  end  of  the  pipe.  They  also  leave  a  ridge  on  the 
inside  of  the  pipe  that  is  very  hard  to  remove.  There  are 


tubing  cutters  made  specifically  for  cutting  EMT  or  PVC, 
(fig.  7-1),  but  you  must  be  sure  you  have  the  right  cutter  for 
the  job.  As  stated  before,  when  you  are  cutting  conduit  with 
a  hacksaw  or  tubing  cutter,  use  of  the  vise  will  make  the  job 
much  easier. 

Flexible  conduit  (flex)  and  tubing  should  also  be  cut  with 
a  hacksaw.  Because  of  its  spiral  construction,  flex  should 
be  cut  at  an  angle  so  that  only  one  ribbon  is  cut  all  the  way 
through.  A  slight  reverse  twist  will  separate  the  two  ends 
(fig.  7-2). 

Cutting  any  type  of  conduit  leaves  a  sharp  edge  or  burr  on 
the  inside  of  the  pipe  that  must  be  removed  by  reaming. 
Reaming  can  be  done  with  several  tools.  To  ream  rigid  and 
intermediate  conduit,  the  reamer  shown  in  figure  7-3  can  be 
used.  A  rattail  file  does  a  good  job  on  any  type  of  conduit. 
To  ream  EMT  that  has  been  cut  with  a  hacksaw,  the  handles 
of  a  pair  of  pliers,  such  as  needle  nose  or  sidecutting  pliers, 
will  do  the  job.  The  important  thing  is  to  remove  any  edge 
or  burrs  in  the  pipe  that  might  cut  the  insulation  when  the 
conductors  are  pulled  into  the  conduit. 

Threading  Conduit.  Once  rigid  metal  conduit  or 
intermediate  metal  conduit  is  cut,  it  must  be  threaded  for 
use  with  threaded  couplings,  locknuts,  and  bushings.  To 
thread  conduit,  use  a  standard  conduit-cutting  die  with  a 
3/4-inch  taper  per  foot.  This  die  cuts  a  deeper  thread  on  the 
end  of  the  conduit  and  then  tapers  the  cut  at  the  rear  or 
shoulder  of  the  thread.  This  is  just  the  opposite  of  a  running 
thread  on  a  bolt.  See  figure  7-4.  You  can  see  both  conduits 
are  wrench-tight  in  the  coupling  but  thread  is  showing  on 
the  outsides.  The  dies  used  for  threading  smaller  sizes  of 
conduit  are  usually  hand  driven.  The  handle  may  be  solidly 
attached  to  the  die,  or  the  die  assembly  may  be  of  the 
ratchet  type.  For  larger  sizes,  or  when  large  installations  are 
made  that  require  considerable  conduit  threading,  a  motor- 
driven,  pipe-threading  machine  is  recommended. 

The  most  common  rigid  conduit  threader  uses 
nonadjustable  ratchet  dies  (fig.  7-5),  which  come  in  sizes  to 
fit  conduit  from  1/2  inch  to  2  inches.  Before  threading  the 
pipe,  inspect  the  dies  to  see  that  they  are  sharp  and  free 
from  nicks  and  wear.  Next,  insert  the  pipe  into  a  vise,  place 
the  guide  end  of  the  pipe  threader  on  the  pipe,  and  push  the 
threading  dies  against  the  pipe  with  the  heel  of  your  hand. 
With  pressure  against  the  threader,  take  three  or  four  short 
clockwise  strokes  downward  to  start  the  threads.  Continue 
the  threading  with  clockwise  strokes  mixed  with  a  reverse 
stroke  every  now  and  then  until  two  or  three  threads  extend 
beyond  the  die.  To  reverse  the  threader,  you  must  pull  the 
ratchet  lock  out  and  turn  it  a  half  turn.  The  reverse  turns 
keep  the  threads  and  dies  clean  and  free  of  bits  of  metal. 
Cutting  oil  applied  during  the  threading  helps  the  cutting 
process  by  reducing  friction.   To  remove  the  threader, 
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Figure  7- 1 .  Tubing  cutter. 


Figure  7-2.  Cutting  flexible  conduit. 
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Figure  7-3.  Reamer. 
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Figure  7-4.  Conduit  tiireads  in  a  coupling. 
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Figure  7-5.  Ratchet  threader  and  dies. 


3.  How  much  space  do  you  leave  between  the  cut  and  the 
vise  when  using  a  hacksaw? 


4.  How  tight  should  the  pipe  cutter  be  on  the  first  turn 
when  cutting  intermediate  conduit? 


5.   Why  should  a  hacksaw  be  used  instead  of  a  pipe  cutter 
for  cutMng  EMT  or  PVC? 


6.  What  is  the  procedure  used  for  cutting  flexible  conduit 
or  tubing? 


7.   What  procedure  must  follow  the  cutting  of  any 
conduit,  and  how  is  it  done? 


release  the  ratchet  lock  and  turn  the  die  by  hand 
counterclockwise.  Removal  of  the  die  also  cleans  the 
threads. 

It  is  important  that  the  right  amount  of  threads  be  cut  for 
the  job.  In  other  words,  a  full  thread  must  be  cut  so  that  the 
ends  of  the  conduit  will  come  together  in  a  coupling,  as 
shown  in  figure  7-4.  Full  threads  are  also  necessary  for  the 
conduit  to  make  a  firm  seat  in  the  shoulder  of  a  threaded 
hub  of  a  conduit  fitting.  If  too  many  threads  are  cut,  the 
conduit  will  fit  too  loosely  in  the  coupling  or  hub.  The 
procedure  described  previously  for  cutting  threads  until  two 
or  three  threads  extend  beyond  the  die  will  usually  give  you 
a  full  thread. 

Power  threaders  come  in  basically  two  types:  stationary 
threaders  built  for  use  in  the  shop  and  portable  threaders 
built  for  use  in  the  field.  Both  types  are  driven  by  electric 
drive  motors  that  have  adjustable  chucks  and  dies  for  use  on 
different  size  conduits.  Portable  threaders  will  normally 
handle  up  to  2-inch  conduit.  Shop  threaders  may  be  built  to 
handle  up  to  6-inch  conduit.  The  manufacturer's  operating 
instructions  should  be  consulted  before  using  these  power 
tools. 


Exercises  <259): 

I .  How  many  leeth  per  inch  should  a  hacksaw  blade  have 
for  cutting  intermediate  or  thin  wall  conduit? 


8.   What  two  types  of  conduit  must  be  threaded  for  use 
with  threaded  couplings,  lockouts,  and  bushings? 


9.   What  type  of  cutting  die  must  be  used  to  thread 
conduit? 


10.   During  the  threading  procedure,  what  is  the  purpose  of 
the  reverse  strokes? 


1 1 .   Describe  the  procedure  used  to  obtain  a  full  thread. 


12.  What  size  conduit  will  portable  threaders  normally 
accommodate? 


13.   How  are  power  threaders  driven? 


2.  How  should  you  place  the  blade  in  a  hacksaw  frame 
for  normal  use? 
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Figure  7-6.  Conduit  takeup  and  stub. 


7-2.  Conduit  Bending 

One  of  the  tasks  you  will  have  as  an  electrician  is  to  make 
Held  bends  in  conduit.  Although  conduit  bending  is  thought 
by  many  electricians  to  be  qui^e  difHcult,  it  is  really  fairly 
simple.  It  does  require  some  thought,  simple  math 
calculations,  and  a  lot  of  practice.  But,  it  is  like 
swimming — once  you  have  learned  how,  you  never  forget. 

260.  DifTerentiate  between  types  of  conduit  benders,  and 
cite  procedures  required  to  make  various  field  bends  in 
conduit. 

When  you  are  installing  conduit,  you  will  need  to  make 
bends  to  go  over  or  around  obstacles.  These  bends  must  be 
made  without  reducing  the  inside  diameter  of  the  conduit  at 
the  bend.  You  will  make  most  bends  on  the  job  as  a  part  of 
the  installation  procedure.  These  are  called  Held  bends. 
Factory-made  bends  may  be  used  instead  of  Held  bends; 
however,  they  increase  the  cost  of  the  job  because  they 
require  more  cutting,  threading,  and  bending. 

Since  most  of  the  bending  you  do  will  be  done  with 
manual  bende^^,  the  bending  procedures  taught  in  this 
section  will  be  made  with  those  types  of  tools.  There  are 
basically  two  types  of  manual  benders  used  for  bending 
rigid  metal  conduit  and  EMT.  They  are  rigid  benders, 
called  the  hickey  and  the  onc*shot  bender.  The  one-shot 
bender  is  normally  made  for  EMT,  but  some  arc  made  to  be 
used  for  both  EMT  and  rigid.  The  one-shot  bender  is  so 
called  because  a  full  90^"  bend  can  be  made  with  a  single 
motion.  Conduit  sizes  up  to  1-inch  rigid  or  IKiMnch  EMT 
can  be  bent  without  much  trouble  using  manual  benders. 
Larger  sizes  arc  usually  bent  with  power  benders. 


Types  of  Bends.  Conduit  installations  are  normally 
referred  to  as  runs  of  conduit.  A  run  of  conduit  is  the 
conduit,  Tiuings,  straps,  conductors,  and  bends  needed 
from  one  opening  to  the  next;  for  example,  from  the 
panelboard  to  the  Tirst  outlet  or  from  the  Hrst  outlet  to  the 
second  outlet.  In  a  run  of  conduit,  or  from  the  Hrst  outlet  to 
the  second  outlet,  there  cannot  be  more  than  the  equivalent 
of  four  90"*  bends,  for  a  total  of  360''.  This  includes  the 
bends  located  at  the  box  or  opening.  The  putposc  of 
allowing  only  so  many  bends  in  a  run  of  cone  t  is  to  help  in 
pulling  conductors  into  the  conduit.  It  has  been  learned 
from  experience  that  if  more  than  360''  of  bends  are  used,  it 
i^  Very  difficult  to  puli  conductors  through  the  bends.  By 
using  a  conduit  body  in  a  run,  you  provide  an  opening  for 
pulling  the  conductors  without  having  to  mount  a  box.  At 
the  same  time,  you  can  make  a  turn  around  or  go  over  an 
obstacle  and  maintain  a  neat  conduit  installation. 

Right-angle  bend.  One  of  the  most  common  bends  you 
will  make  in  the  field  is  the  right-angle  bend,  more 
commonly  called  a  quarter  bend,  a  W  bend,  or  just  a  90.  it 
can  be  used  for  going  around  an  inside  comer,  into  the  top 
or  bottom  of  a  box  from  a  liorizontal  run,  or  for  just  going 
over  an  object. 

Anyone  can  make  a  90°  bend  in  a  stick  of  conduit  and 
then  cut  it  off  to  make  it  tit  the  situation,  but  this  practice 
wastes  time  and  material.  The  secret  is  to  find  out  where  the 
bend  is  needed,  mark  the  conduit  accordingly,  and  make 
the  bend  in  the  right  place.  This  practice  will  save  time  and 
material.  Before  you  can  determine  where  to  place  your 
bender  on  the  pipe,  there  are  some  things  you  must  know. 
First,  the  distance  from  the  end  of  the  conduit  to  the  back  of 
the  90"*  bend  is  called  the  stub  length  or  simply  the  stub  (see 
fig.  7-6,  A).  Second,  the  radius  of  the  bend  takes  up  a  part  of 
the  stub.  This  part  of  the  stub  is  called  takeup,  and  is  shown 
in  figure  7-6, B.  The  amount  of  takeup  depends  on  the  type 
and  size  of  the  conduit  you  are  bending.  (See  table  7-1). 

Now  let's  see  how  a  90°  bend  is  made  to  fit  a  specific 
situation.  Suppose  the  conduit  is  to  be  run  from  the  top  of  a 
panel  to  the  ceiling  and  then  run  horizontally  along  the 
ceiling.  The  conduit  is  to  be  1/2-inch  EMT  and  a  one-shot 
bender  is  to  be  used.  The  first  step  will  be  to  measure  from 
the  top  of  the  panel  to  the  ceiling.  This  will  give  you  the 
stub  length.  Assume  this  length  is  18  inches.  Measure  18 
inches  from  the  end  of  the  conduit  and  make  a  mark  at  this 
point,  as  shown  in  figure  7-7.  Next,  look  at  table  7-1  to  find 
the  takeup  inches  back  toward  the  end  of  the  conduit  from 
your  first  mark  and  make  a  second  mark  like  you  see  in 
figure  7-'^.  Now,  place  the  conduit  on  the  floor  and  straddle 
it  so  that  the  stub  is  in  front  of  you.  Hold  the  bender  in  one 
hand  with  the  lip  on  the  floor  pointed  toward  the  stub  end. 
Use  the  other  hand  to  place  the  conduit  in  the  bender.  Align 
the  bender  am)w  with  the  takeup  mark,  as  shown  in  figure 
7-7.  Put  one  fi>ot  on  the  footrest  and  hold  the  handle  with 
both  hands.  To  make  the  bend,  apply  pressure  on  the 
footrest  as  you  pull  on  the  handle  until  the  handle  is  at  about 
a  30"^  angle  with  the  floor,  a<;  shown  in  figure  7-8.  You 
should  now  have  a  90"^  bend  with  an  18-inch  stub.  To  check 
and  see  whether  the  bend  will  fit  properly,  you  can  place  it 
next  to  anything  that  you  know  is  a  right  angle  and  measure 
from  the  floor  to  the  end  of  the  stub.  If  the  bend  is  not  a  full 
90,  you  can  place  the  bender  back  on  the  conduit  as 
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TABLE  7-1 
CONDUIT  TAKEUP 


Amount  Of  TaJce  Op 
For  90^  Bends 
(One-shot  Benders) 


Size  and  Type  of  Conduit 

Take  Op 

1/2"  EMT 

5" 

3/4"  EMT  or  1/2"  Rigid* 

6" 

1"  EMT  or  3/4"  Rigid* 

8" 

1  1/4"  EMT  or  1"  Rigid* 

11" 

*IMC  and  Rigid  will 
be  the  same 

1*^—  OUTSIOe-TO-OUTSlOt  -  

Figure  7-^.  Using  the  star  for  back-to-Nack  bend. 


described  before  und  pull  more  bend.  If  it  is  more  than  a 
90,  you  ran  plai  c  the  handle  of  the  bender  over  the  end  of 
the  stub  and  with  one  foot  on  the  conduit'  on  the  floor, 
spring  the  .stub  back.  (Right-angle  bend.s  should  always  be 
made  with  the  (Mnduit  and  the  bender  on  the  floor.) 

Back  fo-hiick  bend.  The  back-to-back  bend  is  actually 
two  adjacent  9{r  bends  made  in  the  same  piece  of  conduit. 
You  make  the  first  90**  bend  with  a  certain  amount  of  stub, 
as  described  previously.  To  determine  where  to  place  the 
bender  for  the  second  bend,  yoii  must  first  have  an  outside- 
lo-outside  measurement.  This  measurement  is  the  distance 
from  the  hack  of  the  first  henil  to  where  you  w  ant  the  back 
of  the  second  bend.  You  must  then  transfer  this 
measurement  to  the  conduit  and  make  a  mark. 

There  are  two  methods  to  make  the  second  bend.  The 
first  is  to  subtract  the  takenp,  use  the  arrow  on  the  bender, 
and  pull  the  IkmkI  in  the  same  direction  as  you  did  the  first 
bend.  The  second  method,  and  probably  the  easiest,  is  to 
turn  the  bender  around,  line  up  the  star  on  the  bender  with 
your  oulside-lj -outside  measurement,  and  pull  the  bend  in 
the  opposite  direction,  as  shown  in  figure  7-9. 

Offset  bend.  An  offset  bend  is  two  equal  bends  in 
opiHXsite  directions.  It  is  used  to  avoid  contacting  a  part  of 
the  structure  or  to  brmg  the  conduit  out  from  the  structure  to 
match  a  knockout  in  a  box  or  panel.  Figure  7-10  shows  an 
offset  into  a  utility  box.  The  angle  of  the  hends  in  an  offset 
depends  on  .several  things  hou  muLh  offset  is  needed, 
how  much  room  there  is  where  the  offset  is  going  to  be 
placed,  and  the  type  of  ob.stacle  you  are  avoiding.  The 
offset  shown  is  usually  about  i  inch  in  depth  and  the  bends 


3re  about  10''  angles.  There  is  no  way  to  mark  the  conduit 
for  a  box  offset  of  this  depth.  The  amount  of  bend  and  the 
distance  between  them  are  estimated.  The  key  to  making  a 
good  box  offset  is  practice.  Notice  tha?  after  the  bends  are 
made,  the  conduit  sections  on  each  end  of  the  offset  are 
parallel  to  each  other. 

To  make  accurate  offsets  of  2  inches  or  more  in  depth,  a 
predetermined  di.stance  can  be  marked  on  the  conduit.  The 
di.stance  between  the  bends  depends  on  the  depth  of  the 
offset  and  the  amount  of  bend  that  you  are  going  to  use. 
Table  1-2  shows  the  formula  you  should  use  to  find  the 
distance  to  be  marked  on  the  conduit.  It  also  shows  the 
constant  multiplier  that  must  be  used  in  the  formula  for  the 
angle  of  bends  you  intend  to  use. 

l^t's  use  an  example  to  .see  how  the  formula  works. 
Supptise  you  need  to  avoid  a  part  of  a  structure  that  requires 
a  3-inch  offset  and  you  are  going  to  use  30°  bends.  Table  7- 
2  shows  that  the  constant  multiplier  for  SO-inch  bends  is 
two.  Using  the  formula,  multiply  the  depth  of  the  offset  (3 
in),  times  the  constant  multiplier  (2  in),  and  the  result  is  the 
distance  needed  between  the  bends  (6  in).  You  place  the 
marks  for  the  hends  6  inches  apart;  and  using  the  arrow  of 
the  bender,  make  a  30°  bend  on  the  same  side  of  each  mark, 
as  shown  in  figure  7-11.  In  this  example,  a  30°  bend  gives 
us  the  offset  we  need.  If  you  make  both  bends  inside  the 
marks,  you  will  end  up  with  much  less  than  the  desired 
offset.  If  you  make  both  bends  outside  the  marks,  you  will 
have  too  much  offset.  The.  amount  of  bend,  in  this  case  30° 
at  each  mark,  is  obtained  by  using  the  degree  markings  on 
the  bender,  as  shown  in  figure  7-12.  Notice  that  the  side  of 


TABLE  7-2 
OFFSET  BENDING  FORMULA 


Formula  and  Constant  Multiplier 
For  Determining  Distance  Between 
Bends  When  Bending  Offsets 


Fornmla 

OFFSET  „  CONSTANT  DISTANCE 
DEPTH     *   MULTIPLIER  "  gENDS 

Angle 

of 
Bends 

Constant 
Multiplier 

22^0  X  225° 

2.5 

30°  X  30° 

2.0 

45°  X  45° 

1.5 

60°  X  60° 

1.2 

END  or  CONDUIT 


Figure 7-1 1.  Bending  an  offset. 
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Figure  7-12.  Bender  degree  markings. 


the  conduit  closest  to  the  bender  is  in  line  with  the  30° 
marking  on  the  bender.  If  you  have  a  bender  without 
markings',  you  can  make  a  layout  of  a  30°  angle  on  a  large 
piece  of  paper  or  on  the  floor  with  chalk.  Then  check  the 
bend  against  the  30°  angle  of  the  layout  Normally,  offsets 
are  made  by  making  the  first  bend  on  the  floor  and  the 
second  bend  in  the  air. 

The  procedures  for  making  the  different  types  of  bends 
discussed  thus  far  have  all  been  with  a  one-shot  bender. 
The  same  bends  can  be  made  with  a  hickey  bender, 
although  the  procedures  are  slightly  different.  For  instance, 
to  make  a  90°  bend  in  1/2-inch  rigid  metal  conduit,  the  steps 
shown  in  figure  7-13  must  be  used.  Let's  say  you  need  a 
20-inch  stub  at  the  end  of  the  1/2-inch  stick  of  rigid.  The 
steps  for  bending  with  a  hickey  arc  as  follows: 

a.  Mark  off  20  inches  from  the  end  of  the  conduit . 

b.  Determine  the  takeup  for  1/2  inch  rigid  (see  table  7- 
I). 

c.  Make  a  second  mark  6  inches  back  toward  the  end  of 
the  conduit. 

d.  Place  the  hickey  at  the  second  mark  and  pull  about  a 
30° bend. 

€,  Move  the  bender  toward  the  20-inch  mark  about  2 
inches.  Pull  another  30°  bend. 

/.  Move  the  bender  to  where  the  heel  of  the  bender  is  on 
the  20-inch  mark  and  complete  the  90°  bend. 

Since  the  hickey  bender  does  not  usually  have  degree 
markings  on  it,  you  must  estimate  the  amount  of  bertd  you 
are  making  with  each  bite.  Small  bites  reduce  the 
possibility  of  crimping  or  kinking  the  conduit . 

Bending  conduit  is  an  art.  Like  all  forms  of  art,  the  more 
often  it  is  done  correctly,  the  better  the  artist  becomes. 

Power  Benders.  Power  benders  are  used  for  bending 
larger  sizes  of  EMT,  IMC,  and  rigid  conduit.  They  are  also 
used  where  many  bends  must  be  made,  regardless  of  the 
size  conduit  being  used.  They  come  in  many  types  and 
sizes.  Some  of  the  more  common  ones  are  the  hydraulic 


one-shot,  sweep,  thin-wall  and  the  mechanical  thin-wall, 
and  sweep  benders.  The  hydraulic  benders  use  either  a  hand 
pump  or  an  electric  pump  to  move  a  shoe  that  does  the 
actual  bending.  Figure  7-14  shows  a  hydraulic  sweep 
bender  that  uses  a  hand  pump.  By  using  different  size 
bending  dies  at  different  locations  on  the  tie  bar,  this  bender 
can  be  used  to  bend  several  types  and  sizes  of  conduit.  The 
procedures  for  making  the  different  types  of  bends  with 
power  benders  are  very  similar  to  those  used  with  manual 
benders.  The  main  difference  is  that  with  the  power 
benders,  takeup  for  90°  bends  and  the  distance  between 


in 

— (J=0  ' 

— 

  20" 

Figure  7-13.  Briding  a  90  with  a  hickey. 
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Figure  7-14.  Hydraulic  bendei. 


6.  Whal  makes  up  a  run  of  conduit? 


7.  What  is  the  distat.ce  from  the  back  of  a  90*"  bend  to  the 
end  of  the  conduit  that  was  pulled  up  called? 


8.   What  is  the  part  of  a  stub  that  is  the  radius  of  a  90'' 
bend  called? 


9.  To  make  a  90''  bend  with  a  10-inch  stub  using  a  one- 
shot  bender  and  1/2-inch  hMT,  what  is  the  takeup  and 
how  should  the  bender  be  placed  to  make  the  bend? 


10.   How  is  a  90%  het  ked? 


bends  for  offsets  will  not  be  the  same  as  those  shown  in 
tables  7-1  and  7-2.  This  is  due  mainly  to  the  fact  that  you 
are  dealing  with  larger  sizes  of  conduit  or  the  shoes  of  the 
bender  give  a  different  radius  of  bend.  Because  there  are  so 
many  different  types  and  manufacturers  of  benders,  be  sure 
and  check  the  manufacturer's  instructions  before  doing  any 
bending. 


1 1 .   What  is  a  back-to-back  bend? 


12.   Describe  the  procedures  used  to  make  the  second  90** 
of  a  back-to-back  bend. 


Exercises  (260): 

I.  What    arc    bends    made    during    the  installation 
procedures  called? 


13.   Describe  a  box  offset. 


2.  How  should  bends  in  conduit  be  r  de? 


14.  The  distance  between  the  bends  of  an  offset  depends 
on  what  two  things? 


3.  What  are  the  two  most  common  manual  benders 
called? 


15.  What  formula  is  used  to  find  the  distance  between 
bends  for  an  offset? 


4.  Which  manual  bender  is  used  to  make  a  full  90°  bend 
with  one  motion? 


16.  Describe  the  procedures  for  bending  an  offset  once  the 
distance  between  the  bends  is  determined  and  marks 
are  placed  on  the  conduit. 


5.  How  many  degrees  of  bends  can  be  ma  !e  in  a  run  of 
conduit? 


17.  How  is  the  amount  of  bend  for  an  offset  checked  if  the 
bender  does  not  have  degre  markings? 
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18.  What  are  the  procedures  for  making  a  90°  bend  with  a 
hickey? 


19.  What  do  hydraulic  benders  use  to  move  a  shoe  that 
does  the  actual  bending? 


20.  What  is  the  main  difference  in  procedures  for  bending 
with  power  benders  versus  bending  with  manual 
benders? 


7-3.  Conduit  and  Conductor  Installation 

In  previous  sections,  we  have  discussed  types  of  conduit 
and  the  fittings  used  with  these  types.  We  have  also 
discussed  cutting,  threading,  and  bending  conduit.  Now, 
we  will  cover  the  specific  requirements  for  installing  each 
type  of  conduit  and  how  conductors  are  pulled  into  them. 

261.  Cite  practices  and  requirements  you  should  follow 
in  installing  conduit. 

General  Requirements.  Several  general  requirements 
apply  to  all  types  of  conduit  installation.  All  raceways  must 
be  installed  as  a  complete  system  before  any  conductors  are 
pulled  into  them.  In  other  words,  the  run  of  conduit  as 
described  previously  including  conduit,  fittings,  and 
supports  must  be  complete  before  the  conductors  arc 
installed.  A  run  of  conduit  should  be  as  straight  and  direct 
as  possible  When  a  number  of  conduit  runs  are  to  be 
installed  parallel  and  next  to  each  other,  you  should  install 
them  all  at  the  same  time.  The  minimum  size  raceway  that 
can  be  installed  is  generally  1/2-inch  electrical  trade  size. 
Specific  exceptions  to  this  rule  include  EMT,  rigid,  and 
flexible  conduit  installed  in  specific  locations..  The 
exceptions  for  each  type  are  outlined  in  the  NEC.  All  types 
of  conduit  must  be  reamed  after  they  have  been  cut. 
Conduit  threaded  in  in  the  field  must  be  threaded  with  a  die 
that  has  a  3/4  inch  taper  per  foot.  Where  conduit  enters  a 
box  or  fitting,  a  bushing  must  be  used  to  protect  the 
conductor  insulation  from  being  cut  or  torn.  Also,  never  use 
threaded  couplings  with  running  threads. 

Running  threads  weaken  the  conduit  and  may  come 
loose.  Threaded  couplings  and  connectors  used  with  any 
type  of  conduit  must  be  made  with  tight  connections.  When 
the  couplings  or  connectors  are  to  be  buried  in  concrete  or 
masonry,  they  must  be  the  concrete-tight  type;  or  when 
installed  in  wet  locations,  they  must  be  the  rain-tight  type. 

Supports.  Conduit  must  be  supported  by  straps  or 
hangers  throughout  the  entire  run.  On  a  wooden  surface, 
nails  or  wood  screws  can  be  used  to  secure  the  straps.  On 
brick  or  concrete  surfaces,  you  must  first  make  a  hole  with  a 
star  or  carbide  drill  and  then  install  an  expansion  anchor. 
Use  an  expansion  tool  to  force  the  anchors  apart,  forming  a 


wedge  to  hold  the  anchor  in  the  hole.  Then  secure  the  strap 
to  the  surface  with  machine  screws  attached  to  the  anchor. 
On  tile  or  other  hollow  material,  secure  the  straps  with 
toggle  bolts.  If  the  installation  is  made  on  metal  surfaces, 
you  can  drill  holes  to  secure  straps  or  hangers  with  machine 
or  sheet-metal  screws. 

The  number  of  supports  needed  depends  on  the  type 
conduit  being  used.  Holes  or  notches  in  framing  members 
may  serve  as  supports.  EMT  and  IMC  require  supports 
within  3  feet  of  each  outlet  box,  junction  box,  cabinet,  or 
titting,  and  every  10  feet  thereafter.  Rigid  metal  conduit 
must  also  be  supported  within  3  feet  of  a  box,  but  the 
distance  between  supports  may  be  increased  to  20  feet  on 
direct  vertical  runs  of  rigid  from  machine  tools  and  other 
equipment  if  threaded  couplings  are  used  and  the  riser  is 
supported  at  each  end. 

Rigid  nonmetallic  conduit  must  be  supported  as  follows: 

Conduit                                     Maximum  Space 
Size                                          Between  Supports 
(Inches)  (Feet) 
i/2-I  3 

1  1/4-2  5 

2  1/2-3  6 

3  1/2-5  7 

6  8 


In  addition,  it  must  be  supported  within  3  feet  of  each 
opening. 

Flexible  metal  conduit  and  liquid-tight  flex  must  be 
supported  at  intervals  not  to  exceed  4V2  feet  and  within  12 
inches  on  each  side  of  every  outlet  box  or  fitting. 
Exceptions  to  this  are  runs  of  3  feet  or  less  where  flexibility 
is  needed,  or  6  feet  when  connecting  light  fixtures. 

Conduit  Bodies.  When  you  run  conduit  from  one  point 
to  another,  you  often  need  to  make  more  turns  than  the  NEC 
allows  in  a  single  run  (360°  of  bends).  When  this  is  the  case, 
you  can  use  a  fitting  called  a  conduit  body.  Conduit  bodies 
are  often  referred  to  by  their  brand  name,  such  as  condulet 
or  unilet.  A  conduit  body,  as  defined  in  the  NEC,  is  "a 
separate  portion  of  a  conduit  or  tubing  system  that  provides 
access  through  a  removable  cover  to  the  interior  of  the 
system  at  a  junction  of  two  or  more  sections  of  the  system 
or  at  a  terminal  point  of  the  system.*'  Figure  7-15  shows 
some  of  the  more  common  conduit  bodies.  Figure  7-16 
shows  how  a  conduit  body  is  put  in  conduit  between  two 
outlets  to  keep  the  bends  within  NEC  limits  for  a  single  run. 
As  you  can  sec,  the  run  on  the  left  has  bends  that  total  360°, 
which  is  all  the  NEC  permits.  Thus,  a  conduit  body  had  to 
be  installed  so  that  the  conduit  could  be  continued  to  the 
box  on  the  right.  After  all  conduit  has  been  itistalled, 
supported,  and  connected  to  the  boxes,  you  are  ready  to 
install  the  wire. 


Exercises  (261): 

1.  What   general   requirement   must   be   met  before 
conductors  can  be  pulled  into  any  conduit? 
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6.  A  die  used  for  threading  conduit  must  meet  what 
requirement? 


7.  Where  conduit  enters  a  box  or  fittirig,  what  device 
must  be  used  to  protect  the  conductor  insulation? 


C5i 
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8.  Are  running  tb  -ads  allowed  to  help  in  the  installation 
of  conduit?  Why? 


LL 


CONDUIT  BODIES  AND  COVERS 

Figure  7-15.  Conduit  bodies. 
2.  How  should  a  run  of  conduit  be  installed? 


9.  How  is  conduit  supported  on  wooden  surfaces? 
Concrete  surfaces? 


3.  When  a  number  of  nins  are  to  be  installed  next  to  and 
parallel  with  one  another,  what  procedures  must  be 
followed? 


10.  With  the  exception  of  flexible  conduit,  conduit  must 
be  supported  within  how  many  feet  of  each  outlet  box, 
junction  box,  cabinet,  or  fitting? 


4.  Generally,  what  is  the  minimum  size  conduit  that  may 
be  installed? 


1 1 .  Flexible  conduit  must  be  supported  at  intervals  not  to 
exceed  how  many  feet  and  within  how  many  inches  on 
each  side  of  every  outlet  box  or  fitting? 


,  ,    ,  J      ..     .  .       „        ^2.  How  does  a  conduit  body  increase  the  total  number  of 

5.  What  must  be  done  to  any  type  conduit  after  it  is  cut?  ^^nds  you  can  put  between  two  outlets? 
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Figure  7-16.  Conduit  body  installed 
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262.  State  the  procedures  used  to  install  conductors  in 
conduit. 

Conductor  Installation.  While  nearly  all  types  of  wire 
may  be  used  in  conduit  installations,  the  most  common  type 
used  is  TW.  This  letter  designation  simply  means  that  the 
wire  or  conductor  has  thermoplastic,  moisture-resistant 
insulation.  To  determine  the  length  of  wire  to  be  pulled, 
simply  add:  (1)  the  lengths  of  conduit,  (2)  the  size  and 
number  of  boxes  to  go  into  or  through,  (3)  the  length  of  wire 
to  leave  in  the  boxes,  and  (4)  the  makeup  at  the  distribution 
panel. 

For  short  conduit  runs  with  only  two  wires,  the 
conductors  can  be  pushed  through  the  conduit  from  one  box 
to  the  next.  When  the  conduit  has  several  bends  and  more 
than  two  con  ductors  will  be  installed,  a  fish  tape  must  be 
used  to  pull  the  wires  through  the  conduit.  The  fish  tape 
normally  has  a  hook  on  one  end  that  is  pushed  through  the 
conduit.  The  hook  also  makes  it  easier  to  push  the  tape 
through.  If  the  hook  is  broken  off,  you  can  make  a  new  one 
with  a  pair  of  pliers  and  a  propane  torch.  The  torch  is  used 
to  heat  the  end  of  the  tape  to  take  out  the  temper.  On  a  1/8- 
inch  tape,  heat  about  3  inches  of  the  end  of  the  tape  until  it 
is  red  hot  and  bend  in  a  hook  aboat  an  inch  long,  as  shown 
in  figure  7-17.  This  shape  of  hook  seems  to  work  best. 
After  the  hook  is  formed,  reheat  the  end  of  the  tape  until  it 
is  red.  Allow  the  end  to  cool  until  it  becomes  straw  colored. 
Then,  plunge  it  into  a  can.  of  water  until  it  is  cool.  This 
process  restores  the  temper  to  the  hook  area. 

Once  you  have  the  fish  tape  in  the  conduit,  attach  the 
hook  to  the  wires  to  be  pulled,  as  shown  in  figure  7-17. 
Remove  4  to  6  inches  of  the  insulation  from  the  ends  of  the 
wires  and  thread  the  ends  through  the  hook  in  opposite 
directions;  bend  them  back  and  twist  them  around  each 
other.  Tape  the  hook  and  bare  conductors  to  strengthen  the 
attachment  and  make  pulling  easier.  Use  just  enough  tape  to 
cover  the  hook  and  wires. 

Wire  pulling  usually  takes  two  people — one  to  pull  the 
fish  tape,  the  other  to  feed  the  conductors  into  the  conduit. 
The  fish  tape  should  be  fed  into  the  end  of  conduit  from 
which  it  will  be  easiest  tQ  pull.  It  is  usually  best  to  pull  the 
conductors  from  the  distribution  panel  to  the  first  box  in  the 
run,  especially  if  the  panel  is  energized.  This  prevents  your 
having  to  pull  on  rhe  steel  tape  near  an  energized  bus. 
Whenever  conductors  are  being  pulled  into  energized 
panels,  be  careful  to  keep  clear  of  the  bus  bars.  All 
energized  parts  should  be  covered  with  a  rubber  blanket. 

When  several  conductors  must  be  fed  into  a  conduit,  you 
should  keep  them  parallel,  straight,  and  rree  from  kinks  and 
bends.  Wires  that  are  allowed  to  cross  each  other  form  a 
bulge  and  are  hard  to  pull  around  bends.  Whenever 
possible,  feed  conductors  downward;  e.g.  from  the  second 
floor  to  the  first,  so  that  the  weight  of  the  wires  will  help  in 
the  pulling  piocess.  Another  way  to  ease  the  pulling  of 
conductors  is  to  rub  an  approved  lubricant,  such  as  soap, 
talc,  soapstone,  or  other  noncorrosive  substance,  onto  the 
insulation  or  blow  it  into  the  conduit.  You  may  find  that  it  is 
hard  to  keep  the  fish  tape  fronr  slipping  in  your  hands  when 
pullmg  long  runs  or  runs  with  several  bends.  When  this  is  a 
problem,  the  back  side  (insulation  crushing  point)  of  a  pair 
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Figure  7-17.  Wires  attached  to  fish-tape  hook. 

of  side-cutting  pliers  may  be  used  to  grip  the  tape  to  give 
you  a  good  pulling  handle. 

Remember,  at  least  6  inches  of  free  conductor  must  be 
left  at  each  outlet  and  switchbox  to  make  up  splices  or  to 
connect  devices.  Conductors  that  are  not  spliced  or 
connected  to  a  device  can  be  pulled  directly  through  the 
box. 

The  number  of  conductors  you  can  have  in  conduit  is 
based  on  the  size  of  the  conduit,  the  type  of  conductor 
insulation,  and  the  size  of  the  conductors.  The  NEC, 
Chapter  9,  has  several  tables  to  help  you  determine  how 
many  conductors  of  a  certain  size  and  insulation  type  you 
can  have  in  a  given  size  of  conduit.  These  tables  are  based 
on  fill.  That  is,  the  cross-sectional  area  of  the  conductors 
inside  the  conduit  can  take  up  only  a  certain  percentage  of 
the  free  space  inside  the  conduit.  You  must  use  tliese  tables 
whenever  there  is  a  question  on  the  number  of  conductors  to 
be  pulled.  Too  many  conductors  in  a  conduit  causes 
overheating,  which  reduces  conduc.or  ampacity.  (See  fig. 
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Once  you  have  installed  the  conductors  and  all  other 
finish  work  is  complete,  you  are  ready  to  do  the  electrical 
finish  work.  Finish  work  for  conduit  installations  is  the 
same  as  that  for  NM  cable  installations,  which  was  covered 
in  Chapter  6  of  this  volume. 


Exercises  (262): 

1.  What  four  factors  are  used  to  determine  the  length  of 
conductor  to  be  pulled  for  a  circuit? 


2.  What  device  is  used  to  pull  conductors  in  a  run  of 
conduit? 


3.  What  equipment  is  necessary  to  make  a  hook  on  the 
end  of  a  fish  tape? 


4.  How  is  the  temper  restored  to  a  fish  tape  after  a  hook 
has  been  formed? 


5.  Detcnbe  the  procedure  for  attaching  conductors  to  a 
fish  tape. 


6.  When  installing  condiiclors  in  a  run  between  an 
energized  panel  and  the  first  box,  the  pulling  should  be 
done  from  which  location? 


7.  Describe  the  procedures  for  feeding  conductors  into 
conduit. 


8.  What  type  of  lubricant  can  be  used  to  aid  in  conductor 
installation? 


9.  What  tool  can  be  used  as  a  handle  to  help  pull  a  fish 
tape? 


7-4.  Circuit  Extensions 

Building  designers  and  electrical  planners  try  to 
anticipate  the  future  electrical  needs  of  the  occupant  prior  to 
construction  of  a  building.  Most  of  the  time  the  electrical 
systems  are  more  than  adequate.  Changes  in  the  use  of  the 
building,  new  equipment,  or  a  change  of  walls  may  call  for 
additions  to  existing  circuits.  Fhese  additions  are  called 
circuit  extensions. 

263.  Identify  types  of  circuit  extensions  in  terms  of  their 
uses  and  design  features,  and  distinguish  between 
correct  and  incorrect  practices  to  follow  in  installing 
them. 

A  circuit  extension,  as  the  name  implies,  is  used  to 
extend  an  existing  circuit.  It  can  be  a  nonmetallic 
extension,  an  underplaster  extension,  surface  raceway,  or  a 
multioutlet  assembly. 

Nonmetallic  Extensions.  A  nonmetallic  surface 
extension  is  an  assembly  of  two  insulated  conductors  within 
a  nonmetallic  jacket.  It  can  be  used  only  as  an  exposed  run, 
in  a  dry  location,  from  an  existing  15-  or  20-amp  branch 
circuit.  The  grounding  coniact  of  a  receptacle  used  with  this 
extension  must  be  connected  to  a  grounded  cold  water  pipe 
near  the  equipment.  Nonmetallic  surface  extensions  can  be 
installed  only  in  a  building  that  is  used  as  a  residence  or 
office.  It  cannot  be  installed  in  unfinished  basements, 
attics,  or  roof  spaces;  and  the  voltage  between  conductors 
cannot  exceed  150  volts. 

These  additional  requirements  also  apply: 

a.  The  extension  must  be  a  continuous  unbroken  length 
of  the  assembly  with  no  splices  or  exposed  conductors 
between  fittings. 

b.  Each  run  must  terminate  in  a  fitting  that  covers  the 
end  of  the  assembly. 

c.  One  or  more  extensions  can  be  run  in  any  direction 
from  an  existing  outlet,  but  not  on  the  floor  or  within  2 
inches  of  the  floor. 

d.  NM  surface  extensions  must  be  secured  or  supported 
at  intervals  not  exceeding  8  inches. 

Another  type  of  nonmetallic  extension  used  is 
nonmetallic  sheathed  cable,  which  was  discussed  in  a 
previous  chapter.  The  only  difference  between  installing  it 
as  a  branch  circuit  and  as  an  extension  is  that  it  may  be 
fished  between  access  points  in  concealed  work.  When  you 
do  fish  it  between  these  points,  it  does  not  have  to  be 
supported. 

Underplaster  Extensions.  An  underplaster  extension  is 
used  to  extend  an  existing  branch  circuit  in  a  building  of 
fire-resistive  construction.  It  can  be  run  in  standard  sizes  of 
rigid  conduit,  flexible  conduit,  IMC,  or  EMT.  You  can  also 
use  armored  cable  or  mineral-insulated,  metal-sheathed 
cable.  The  method  of  installation  depends  on  the  material 
you  use.  For  those  extensions  installed  in  any  of  the 
conduit  types,  the  requirements  are  the  same  as  those 
covered  previously  in  this  chapter  for  each  type  of  conduit. 
To  install  extensions  using  either  of  the  types  of  cables, 
consult  the  NEC  articles  on  AC  cable  and  MI  cable  for 
requirements.  An  underplaster  extension  is  installed  on  the 
face  of  masonry  or  other  material,  connected  to  the  existing 
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circuit,  and  then  buried  in  the  plaster  finish  of  the  wall  or 
ceiling. 

Surface  Raceways.  Where  an  extension  is  to  be  run  on 
the  surface  of  a  wall  or  ceiling  and  appearance  is  important, 
surface  raceway  is  used.  It  is  used  because,  after  it  is 
installed,  it  can  be  painted  to  match  the  surroundings. 

Surface  raceways  come  in  two  types — metal  and 
nonmetallic.  Both  form  a  channel  for  holding  wires  and 
come  in  two  parts,  which  can  be  separated.  The  back  is 
mounted  on  the  wall  or  ceiling,  and  the  front  is  snapped  to 
it.  Use  flathead  screws  on  the  inside  through  mounting 
holes  to  mount  surface  raceway  or  a  supporting  clip. 

Surface  raceways  are  designed  so  that  the  sections  and  all 
accessories  can  be  coupled  together  mechanically  without 
damage  to  the  wires.  They  come  in  various  sizes  with 
factory  made  fittings,  such  as  pull  boxes,  junction  boxes, 
switchboxes,  elbows,  couplings,  bushings,  straps,  and 
adapters.  Generally,  surface  raceways  can  be  used  only  in 
dry  locations.  They  cannot  be  used  where  they  will  be 
concealed,  subject  to  severe  physical  damage,  or  where 
there  is  300  volts  or  more  between  conductors.  The  number 
of  conductors  that  may  be  installed  will  be  based  on  fill,  just 
as  it  is  with  any  raceway.  The  manufacturer  of  the  raceway 
usually  provides  a  table  for  determining  how  many 
conductors  can  be  installed  in  each  size. 

Multioutiet  Assemblies.  A  multioutlet  assembly,  as 
defined  in  the  NEC,  is  a  type  of  surface  or  flush  raceway 
designed  to  hold  conductors  and  receptacles  assembled  in 
the  field  or  at  the  factory.  It  is  much  like  surface  raceway, 
except  that  the  receptacles  used  in  the  raceway  do  not  use 
boxes  and  are  usually  prewired.  These  assemblies  are 
installed  much  like  surface  raceways  and  are  subject  to  the 
same  general  code  restrictions. 

Flat  Conductor  Cable.  A  flat  conductor  cable  (Type 
FCC)  consists  of  three  or  more  flat  copper  conductors 
placed  edge  to  edge,  separated  and  enclosed  within  an 
insulating  assembly,  and  covered  with  caipet  squares.  A 
complete  system  includes  the  cable,  associated  shielding, 
connectors,  terminators,  adapters,  boxes,  and  receptacles. 

Type  FCC  systems  are  approved  for  general  purpose 
circuits  and  appliance  branch  circuits  and  are  rated  not  over 
300  volts  between  conductors  or  30  amps. 

They  are  NOT  approved  for  outdoors,  wet  locations  in  a 
corrosive  atmosphere,  hazardous  locations,  residences, 
schools,  or  hospital  buildings. 

The  installation  is  fast  and  simple: 

a.  First  remove  the  floor  covering. 

b.  Roll  out  the  bottom  shield  from  the  junction  and  feed 
box,  and  fasten  the  shield  on  the  bare  floor  with  adhesive 
tape. 

c.  Roll  out  the  type  FCC  cable  on  top  of  the  bottom 
shield. 

rf.  Make  all  connections  to  the  cable  using  the  special 
connectors. 

e.  Install  the  metal  top  shield  on  the  cable,  connectors 
and  insulating  ends,  then  tape  the  shield  down. 
/.  Finally,  replace  the  carpet  tiles. 

Before  you  can  install  any  of  the  extensions  discussed 
thus  far,  you  must  find  out  if  the  circuit  you  are  extending 
has  the  capacity  for  the  extra  load.  You  can  determine  this 


by  subtracting  the  present  connected  load  from  the  fused 
capacity  of  the  circuit.  If  all  of  the  outlets  on  the  existing 
circuit  do  not  have  connected  loads,  you  should  use  their 
average  load  to  obtain  the  connected-load  figure.  When  you 
know  for  sure  that  the  existing  circuit  has  the  capacity,  you 
can  add  the  extension. 


Exercises  (263): 
1 .  What  is  the  purpose  of  a  circuit  extension? 


2.  Describe  a  nonmetallic  extension. 


3.  Describe  an  underplaster  extension. 


4.  Which  type  of  circuit  extension  is  used  primarily 
where  appearance  is  a  factor? 


5.  Give  the  NEC  definition  of  a  multioutlet  assembly. 


6.  Place  the  letter  T  in  front  of  the  correct  statements 
pertaining  to  circuit  extension  installations  and  the 
letter  F  in  front  of  false  statements. 

 a.    Nonmetallic  extensions  can  be  installed  in 

any  building. 

 b.    Nonmetallic  extensions  cannot  be  installed 

in  attics,  unfinished  basements,  or  roof 
spaces. 

 c.    Splices  can  be  made  in  nonmetallic  surface 

extensions  as  long  as  approved  devices  are 
used. 

 d.    Nonmetallic  extensions  must  be  supported 

at  intervals  not  to  exceed  8  inches  and 
cannot  be  installed  within  2  inches  of  the 
floor. 

 e.    Nonmetallic  sheathed  cable  can  be  used  as 

an  extension. 

 f.    Underplaster  extensions  can  be  installed  in 

any  type  of  building. 
 g.    Types  AF  and  MI  cables  may  be  used  as 

underplaster  extension. 
 h.    Surface  raceways  are  used  as  extensions 

where  appearance  is  important  because 

they  take  up  less  space. 
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Surface  raceways  are  supported  with 
flathead  screws  through  mounting  holes  as 
a  supporting  clip. 

Surface  raceways  come  in  two  types, 
metal  and  nonmetallic,  and  are  generally 
used  in  only  dry  locations. 


k.  Multioutlet  assemblies  are  surface  or  flush 
raceways  mounted  in  much  the  same  way 
as  surface  metal  raceways  and  are  subject 
to  the  same  code  restrictions. 

.1.  Type  FCC  cable  can  only  be  installed  in 
single  residential  buildings  or  office 
buildings. 
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CHAPTER  8 


Meters  and  Tesl  Equipment 


WHEN  WORKING  with  electricity,  you  often  need  to 
know  something  about  a  circuit  or  piece  of  equipment  that 
you  cannot  visually  detect.  You  need  various  meters  and 
other  test  equipment  to  check  for  the  prop>er  voltage,  current 
flow,  amount  of  resistance,  and  to  determine  whether  the 
wiring  is  defective.  Without  knowing  just  how  these  test 
instruments  operate,  you  may  be  able  to  connect  them  and 
tak^  a  reading.  However,  you  need  to  know  nwre  than  just 
how  to  read  a  test  instrument. 

a-l.  Maters 

Meters  are  used  in  repairing,  maintaining,  and 
troubleshooting  electrical  circuits  and  equipment.  The  best 
and  most  expensive  measuring  instrument  is  of  no  use  to 
you  unless  you  know  what  you  arc  measuring  and  what  each 
reading  means.  You  must  remember  that  the  purpose  of  a 
meter  is  to  measure  quantities.  When  a  meter  is  connected 
to  a  circuit,  it  must  not  change  the  condition  of  the  circuit. 

264,  Specify  the  operating  principles  of  the  two  basic 
meter  movements. 

Meter  Movements.  Meters  are  either  self-excited  or 
externally  excited.  Self-excited  meters  operate  from  their 
own  power  source.  Externally  excited  meters  get  their 
po^*tT  from  the  circuit  to  which  they  are  connected.  Most 
common  meters  (voltmeters,  ammeters,  and  ohmmetcrs) 
that  you  use  in  your  work  operate  on  the  electromagnetic 
principle. 

There  arc  scvfjral  types  of  meter  movements.  However, 
the  most  practical  meters  manufactured  today  use  either  the 
galvanometer  movement  or  the  dynamometer  movement. 
Both  of  these  movements  depend  on  a  magnetic  field 
produced  by  current  flowing  through  the  meter  movement 
itself. 

Galvanometer  movement.  The  application  of 
electromagnet  ism  produced  the  first  practical  electric 
meter.  It  is  called  a  galvanometer  (or  D'Arsonval  meter,  so 
named  after  its  inventor).  The  basic  galvanometer  is  used  to 
measure  a  very  small  amount  of  current  and  voltage.  With 
certain  modifications,  the  galvanometer  movement  can  be 
adapted  for  practical  use  in  voltmeters,  ammeters,  and 
ohmmetcrs. 

A  simplified  diagram  of  a  galvanometer  movement  is 
shown  in  figure  8-1.  The  movement  consists  of  a  coil  of 
fine  wire  mounted  on  a  movable,  aluminum  bobbin  (the 
bobbin  is  mounted  on  an  iron  core),  a  set  of  permanent 
magnets,  and  a  pointer  mounted  on  the  bobbin.  The  coil  and 
bobbin  assembly  is  mounted  on  pivots  that  turn  in  tiny  jewel 
bearings.  Hairsprings  are  mounted  on  each  end  of  the  coil. 


The  springs  conduct  electricity  through  the  coil  and  keep 
the  pointer  at  ZERO  position  when  the  coil  is  deenergized. 
The  coil  and  bobbin  assembly  is  mounted  between  the  poles 
of  a  p>ermanent  magnet.  One  terminal  on  the  meter  is 
marked  with  a  plus  sign  for  a  positive  connection.  The 
other  terminal  is  marked  with  a  minus  sign  for  a  negative 
connection.  To  connect  the  meter  properly,  the  positive 
side  of  the  power  source  (battery  or  DC  generator)  must  be 
connected  to  the  plus  terminal,  and  the  negative  side  to  the 
minus  terminal. 

The  meter  movement  operates  on  the  principle  that  like 
poles  repel  and  unlike  poles  attract.  When  the  meter  is 
connected  prop>erly  to  a  circuit,  a  small  current  flows 
through  the  coil.  The  current  produces  a  magnetic  field  with 
a  north  and  south  pole.  A  fixed  iron  core  is  mounted  inside 
the  coil  and  bobbin  to  insure  uniform  magnetic  poles.  These 
poles  are  in  such  a  position  that  they  are  repelled  by  the 
poles  of  the  permanent  magnet.  The  repelling  action  causes 
..he  coil  and  bobbin  assembly  to  turn  clockwise  against  the 
tension  of  the  hairsprings.  The  distance  that  the  coil  turns 
depends  on  the  amount  of  current  flow  through  the  coil. 
The  resistance  of  the  coil  is  fixed,  thus  current  flow  is 
determined  by  the  voltage  applied. 

A  basic  galvanometer,  like  the  one  shown  in  figure  8-i, 
is  very  sensitive.  It  operates  only  in  the  microvolt  (one 
millionth)  or  the  millivolt  (one  thousandth)  range.  The  full 
voUage  from  a  single  flashlight  cell  is  enough  to  damage  a 
basic  galvanometer.  For  this  reason,  galvanometers  are 
used  only  in  laboratory  work.  As  was  mentioned  before, 
with  certain  modifications  the  galvanometei  movement  is 
used  in  practical  meters  that  you  use  on  the  job. 

Dynamometer  movement,  A  meter  with  a  dynamometer 
movement  uses  the  same  basic  principle  as  the 
galvanometer.  The  main  difference  is  that  the  permanent 
magnets  are  replaced  by  electromagnets. 

Figure  8-2  shows  a  simple  diagram  of  a  dynamometer 
movement.  A  movable  coil  to  which  the  pointer  is  attached 
is  mounted  between  two  field  coils.  Notice  that  the  movable 
coil  is  connected  in  scries  with  the  field  coils.  As  current 
flows  through  the  coils,  opposing  magnetic  poles  arc 
established  between  the  movable  coii  and  the  field  coils. 
This  causes  the  pointer  to  move  clockwise.  Current  may 
enter  the  meter  movement  from  either  end;  therefore,  you 
do  not  have  to  pay  attention  to  polarity  when  connecting  it 
to  a  circuit.  Using  the  left-hand  rule  that  you  learned,  trace 
the  current  flov/  through  the  movement  in  figure  8-2.  You 
find  that  current  flow  in  either  direction  establishes 
opposing  magnetic  poles  between  the  movable  coil  and  the 
field  coils.  Their  poles  change  according  to  the  way  the 
current  enters.  The  dynamometer  movement  is  used  to 
measure  properties  of  both  DC  and  AC  circuits. 


175 

38b 

o 

ERIC 


SCALE 


POINT 


Rgurc  8-1 .  Galvanometer  movement. 


Exercises  (264): 

1 .  The  galvanometer  and  the  dynamometer  both  operate 
on  what  basic  principle? 


2.  What  is  the  main  difference  between  the  galvanometer 
and  dynamometer? 


3.  Which  basic  meter  movement  may  be  used  to  measure 
both  AC  and  DC? 


265.  Differ entlate  between  a  linear  and  nonlinear  meter 
scale  and  specify  the  use  of  meter  ranpes. 

Meter  Scales.  To  use  meters  effectively,  you  must  be 
able  to  read  them  accurately.  Most  meters  have  either  a 
linear  or  nonlinear  scale  to  show  values. 


O  1 

r\  

s 
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Figure  8-2.  Dynamometer  movement. 


Linear  scale.  Linear  scales  are  used  on  ammeters  and 
voltmeters.  These  scales  are  so  called  because  they  are 
divided  into  equal  divisions  for  the  full  range  of  the  meter. 
For  example,  if  the  full  range  of  the  meter  is  from  0  to  50 
(amps  or  volts),  the  scale  may  be  divided  in  5-  or  10-  amp 
or  volt  divisions  and  numbered  accordingly  (see  fig.  8-3). 
As  you  can  see,  there  is  a  further  breakdown  of  the  scale 
between  the  numbered  divisions.  To  find  out  what  each  of 
the  smaller  marked  units  represents,  you  must  divide  the 
difference  between  the  two  numbered  divisions  by  the 
number  of  smaller  units. 

In  figure  8-3,  each  of  the  smaller  units  represents  1 -tenth 
of  the  numbered  division;  therefore,  each  unit  is  I  amp  or  1 
volt.  This  will  hold  true  across  the  full  range  of  the  meter. 
The  pointer  in  figure  8-3  shows  14  amps  or  volts. 

Nonlinear  scale.  A  nonlinear  scale  is  one  in  which  the 
divisions  are  not  equal;  that  is,  the  graduations  across  the 
scale  are  not  the  same.  An  ohmmeter  is  an  example  of  the 
nonlinear  scale  (see  fig.  8-4).  Note  that,  on  the  low  end  of 
the  scale  at  the  right,  the  divisions  are  much  larger  than 
those  on  the  high  end  of  the  scale  at  the  left.  As  you  can  see, 
the  numbered  divisions  are  not  all  the  same  length  or  value. 
To  find  out  what  each  marked  unit  represents,  use  the  same 
method  you  used  with  the  linear  scale. 

No  matter  which  meter  you  are  using  or  which  scale  is 
involved,  there  are  two  things  you  must  remember.  The 
first  is  to  avoid  false  readings.  Since  the  meter  divisions  are 
small  and  the  meter  pointer  is  raised  above  the  scale, 
reading  the  pointer  position  from  an  angle  will  not  give  you 
an  accurate  reading.  It  can  be  off  as  much  as  one  scale 
division.  This  type  of  false  reading  is  called  parallax.  The 
best  way  to  avoid  this  is  to  make  sure  you  are  looking 
straight  at  the  face  of  the  meter  when  taking  a  reading. 
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Figure  8-3.  Linear  meter  scale. 
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266.  Relate  the  function  or  operating  principle  to  the 
appropriate  type  of  meter. 


Figure  8-4.  Nonlinear  meter  scale. 


The  second  thing  to  remember  is  to  use  all  the  meter 
ranges  to  avoid  meter  damage  and  to  get  the  most  accurate 
reading  possible.  Most  meters  used  on  the  '^ob  have  two  or 
more  ranges.  As  an  example,  you  might  have  a  voltmeter 
with  one  range  from  0  to  50,  one  from  0  to  100,  and  one 
from  0  to  500.  These  ranges  enable  you  to  pick  a  scale  that 
is  adequate  for  the  measurement  to  be  made  without  a  full- 
range  deflection  of  the  pointer  that  might  harm  the  meter.  It 
also  lets  you  use  a  scale  where  the  fmal  pointer  reading  is 
near  the  center  of  the  scale.  Meter  readings  near  the  middle 
of  the  scale  are  more  accurate  than  those  at  the  ends.  Take 
the  first  reading  of  an  unknown  value  on  the  highest  meter 
scale,  and  then  move  the  scale  selector  down  until  you  get 
to  the  right  scale  range. 


Exercises  (265): 
1 .  What  type  of  meter(s)  use  linear  scales? 


What  is  the  difference  between  a  linear  and  a  nonlinear 
scale? 


3.  How  do  you  determine  :he  value  of  the  unmarked 
divisions  of  a  scale? 


4.  What  does  the  term  ''parallax"  mean? 


5.  What  range  of  a  multirange  meter  should  you  use  when 
checking  unknown  values? 


6.  Why  should  you  try  to  get  a  pointer  deflection  that  is 
near  the  center  of  the  scale? 


Voltmeter.  The  voltmeter  is  designed  to  measure  the 
potential  difference  between  two  points.  It  will  measure  AC 
or  DC  voltages  according  to  the  function  you  select.  Most 
voltmeters  use  a  galvanometer-type  movement  connected  in 
series  with  a  high  resistance  unit.  The  purpose  of  the  high 
resistance  is  to  limit  the  current  flow  through  the  meter 
movement  because  most  voltmeters  give  a  full-scale 
deflection  with  less  than  0.01  ampere  flowing  through  the 
movement.  Because  the  resistance  of  the  meter  is  fixed,  the 
current  flow  and  the  amount  of  deflection  of  the  pointer 
depends  upon  the  voltage  applied  to  the  terminals  of  the 
meter.  The  pointer  indicates,  on  the  scale,  the  voltage  drop 
across  the  unit  being  -least-  Figure  8-5  shows  the 
internal  wiring  of  a  voltmeter. 

When  troubleshooting  a  system  with  a  voltmeter,  you 
would  normally  connect  it  in  parallel  with  the  electrical  unit 
to  be  tested.  For  example,  if  you  are  checking  the  voltage  at 
a  DC  voltage  control  panel,  connect  the  plus  (-f )  terminal 
of  the  voltn-.eter  to  the  positive  side  of  the  panel  and  the 
minus  (— )  terminal  of  the  voltmeter  to  the  negative  side  of 
the  panel.  You  must  do  this  so  that  the  pointer  will  point  in 
the  right  direction.  A  word  of  caution — never  connect  a 
voltmeter  to  a  source  of  voltage  that  exceeds  its  calibrated 
scale. 

Note  the  selector  switch  at  the  lower  right  portion  of  the 
sch:;matic  in  figure  8-5.  This  switch  permits  you  to  place 
various  fixed  resistances  into  the  voltmeter  circuit  so  that 
wide  ranges  of  voltages  can  be  measured  with  one  small, 
compact  instrument.  Otherwise,  you  would  have  to  use 
either  a  meter  with  a  much  larger  scale  or  nr.any  separate 
instruments  with  appropriate  internal  resistance.  When 
measuring  the  voltage  of  any  circuit,  you  should  always 
select  the  highest  range  indicated  by  the  selector  knob.  If 
the  needle  moves  only  a  small  amount,  you  can  then  move 
the  knob  to  low^r  ranges  to  get  a  more  sensitive  reading. 
This  method  of  starting  at  the  highest  range  provided  by  the 
selector  prevents  violent  neecKtr  deflection  and  internal 
circuit  damage  to  the  meter.  The  meter  would  be  damaged 
if  you  accidentally  measured  a  high  voltage  with  the  switch 
set  at  a  low  range. 

Ammeter.  Ammeters  are  used  to  measure  the  electrical 
current  flowing  in  a  circuit.  This  instrument  uses  about  the 
same  internal  movement  as  the  voltmeter.  Instead  of 
current-limiting  resistors  in  series  with  the  movement,  the 
ammeter  uses  a  shunt,  or  current  bypass,  in  parallel  with  the 
movement.  This  arrangement  is  shown  in  figure  8-6. 

As  you  know,  a  shunt  is  a  resistor  aiade  of  a  special  alloy 
which  changes  very  little  in  electrical  resistance,  even 
though  there  may  be  definite  temperature  changes.  The 
movement  of  the  meter  and  the  resistance  of  the  shunt  are 
proportioned  so  that  most  of  the  current  flows  through  the 
shunt.  Only  a  small  fraction  of  the  current  flows  through  the 
movement — just  enough  to  give  a  full-scale  deflection 
when  the  total  current  is  equal  to  the  maximum  range  of  the 
ammeter.  An  example  of  an  ammeter  with  an  external  shunt 
is  shown  in  figure  8-7.  With  the  shunt  shown,  it  is  a  300- 
amf)ere  ammeter.  If  a  movement  is  used  that  requires  0.01 
ampere  to  give  full-scale  deflection,  only  0.01  ampere  will 
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flow  iliroujili  the  meter  when  ^00  ampeit's  is  m-.^asurcd  As 
you  can  sec.  tlic  rcninining  ?^)^ W  ampere^  will  |>ypass 
thnni^h  the  shunt. 

IJnhke  llie  \ollinetei.  an  annne'ei  shonU!  always  he 
Loiuiectetl  in  series  with  uie  li>ati  I  hi'  pi  -^Jtive  i  •  iiciininal 
o|  ihc  aniinetei  is  eoiuieetet!  the  pc^sitive  side  nftlic  Inad. 
Never  eonneet  the  leans  aert>ss  liie  tenninals  td  a  battery  or 
geiieialor  this  would  inunediately  Muni  nut  (lie  meter  An 
anunetei  never  used,  lor  example,  in  enntinuily  testing 
beeairse  it  lias  \ei\  Inw  resistan.e  ami  v.nuid  slmii -eireuit 
the  l>atter>  . 

Ohiiuiicler.*  An  nhnuneler  ennsisis  nt  a  meter 
movement,  a  iietwork  nl  resistor..  \\\\k\  a  small  dry-ecll 
haltciy  as  a  souiee  ot  Noliage.  The  inteinai  wiring  is  slu>wn 
in  figure  S  S.  Ohmineters  mcasuic  the  elcetiieal  resistance 
ol  a  unit  or  a  eireuit.  Sinee  the  voltage  to  dte  ohmmeter  is 
eonstant  (with  the  dry  eel!  battery)  the  :  uircnt  thiough  its 
movement  (and  henee  the  detleeiiun  ol  tin  pointei )  dcpenils 
upon  the  lesistance  id  the  unit  being  test  1  Phe  meter, 
therein! e.  shows  the  rcsistanee  nl  the  wir.  .  ^able.  or  unit 
being  eheekcd.  It  is  ealihrateil  to  rea  tiis  resistaiieo 
direcdy 

In  tioubleslioiUiiig.  llie  olimnielei.  although  primarily 
designed  In  mcasuie  lesistance.  is  useful  tbr  checking 
coiitmuity.  Ia-1*s  take  anntliei  ini>k  at  the  internal  wiring 
diagram  of  our  ohmmelci  in  tigurc  X-^' 

Kcmcinber  thai  the  ohmmeiei  has  a  small  battery  for  its 
source  ot  voltage.  I  hc  fixed  resisi.nrs  are  t)!  such  value  that 
if  the  test  probes  are  shotted  together,  the  meter  will  read 
full  scale,  which  in  this  case  is  /em.  The  variable  resistor, 
in  parallel  with  the  meter  and  the  tixcd  resistors, 
compensates  for  changes  in  the  voltage  ol  the  battery,  (in 
the  meter  control  panel,  the  variable  resistor  has  a  zero 
adjustment  for  the  indicator.  On  the  iacc  ol  the  meter*  there 
may  he  several  calibrated  scales.  T  hese  arc  made  possible 
by  the  various  values  ot*  lesistances  and  various  battery 
voltages.  When  you  use  the  olmnneiei.  you  first  select  the 
scale  you  need  b>  a  sw  ii  ;h  on  the  meier  panel.  Much  scale 
will  read  low  lesistance  at  the  uppei  end.  The  greater  the 
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Figure  8-8.  Internal  wiring  of  an  ohmmcter. 


resistance  in  a  circuit,  the  less  deflection  you  will  see  on  the 
indicator.  Never  connect  an  ohmmeter  into  a  live  circuit. 
This  will  damage  the  meter. 

Megohtntneter.  The  megohmmeter  (or  megger,  as  it  is 
more  commonly  called)  is  used  for  measuring  the  resistance 
of  insulating  material.  As  its  name  indicates,  the 
megohmmeter  gives  resistance  readings  directly  in  millions 
of  ohms.  One  megohm  equals  1  million  ohms.  The 
megohmmeter  is  used  primarily  to  indicate  the  insulation 
resistance  of  cables,  motor  and  generator  windings, 
transformer  windings,  and  circuits  in  conduit. 

The  megohmmeter  may  consist  of  a  small,  handcranked 
EXT  generator  and  a  meter  movement  much  like  the  one 
used  with  the  ohmmeter.  If  a  generator  is  used,  a  centrifugal 
clutch  is  installed  between  the  handcrank  and  the  generator, 
as  shown  in  figure  8-9.  The  clutch  is  fixed  so  that  no  matter 
how  fast  you  crank  the  generator,  the  output  voltage  is  500 
or  1000  volts,  depending  on  what  it  should  put  out.  Instead 
of  a  generator,  some  meggers  may  use  a  battery  as  a  power 
source.  Although  the  voltage  output  is  high,  both  sources  of 
power  produce  only  a  small  current  flow.  Since  a 
megohmmeter  has  its  own  power  source,  like  an  ohmmeter, 
it  should  never  be  used  on  a  live  circuit.  To  do  so  will  more 
than  likely  ruin  the  meter. 
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Exercises  (266): 

1.  Match  the  items  in  column  B  to  their  proper  function 
or  principle  of  operation  listed  in  column  A  by  placing 
the  corresponding  letter  in  the  space  provided.  A  letter 
may  be  used  more  than  once. 


Column  A  Column  B 

 (0  Used  to  measure  the  a.  Ammeter. 

potential    difference  b.  Ohmmeter. 

between  two  points.  c.  Voltmeter. 
 (2)  Uses  a  small  dry-celi           d.  Megohmmeter. 

baitery  as  a  source  of 

voltage. 

 (3)  Should    always  be 

connected   in  series 

with  the  load. 
 (4)  Used  to  measure  the 

resistance  of  a  circuit 

or  device. 
 (5)  Used    to    test  the 

insulation  of  a  circuit. 
 (6)  Should  never  be  used 

on  a  live  circuit. 

267.  State  the  procedures  for  setting  up  a  typical 
multimeter  for  use  as  an  ohmmeter,  voltmeter,  or 
ammeter. 

Multimeters.  The  multimeter  is  a  combination  of  two  or 
three  meters  that  has  only  one  meter  movement.  Each 
multimeter  has  a  selector  or  function  switch  that  is  used  to 
set  up  the  meter  movement  for  a  specific  purpose.  Some 
examples  of  multimeter  combinations  used  in  the  Air  Force 
are  shown  in  figures  8-10  through  8-13. 

Figure  8-10  is  a  volt-ohm-ammeter.  Figure  8-11  is  a 
volt-ohmmeter  that  can  be  used  as  an  ammeter  if  an  external 
shunt  is  added.  Figures  8-12  and  8-13  are  voltmeter/clamp- 
on  ammeter  combinations  that  can  be  used  to  take  current 
readings  without  connecting  the  ammeter  in  the  circuit.  To 
measure  current  in  a  conductor,  open  the  clamping  jaw, 
place  it  around  the  conductor,  close  the  jaw,  and  read  the 
meter.  The  laminated  steel  jaws  of  the  meter  act  like  the 
core  of  a  transformer,  with  the  conductor  being  measured  as 
the  primary  and  a  coil  in  the  meter  as  the  secondary.  The 
magnetic  field  in  the  primary  induces  a  voltage  in  the 
secondary,  which  the  meter  converts  to  a  current  reading. 
The  more  current  there  is  in  the  primary  (conductor),  the 
more  voltage  is  induced  in  the  secondary  and  the  higher  the 
meter  reading. 

Multimeter  combinations  are  not  limited  to  those  shown 
here.  Tnere  are  a  few  others,  such  as  the  volt-ammeter  and 
volt/ohm/clamp-on  ammeter.  Some  of  the  multimeters  also 
use  the  digital  readout  in  place  of  the  standard  meter  scales. 
To  cover  all  the  different  multimeters  would  take  a  full 
volume;  therefore,  the  text  will  be  limited  to  setting  up  a 
typical  multimeter  for  each  function.  The  PSM-6 
multimeter  shown  in  figure  8-10  is  actually  three  .neters  in 
one  case.  It  is  an  ohmmeter,  a  voltmeter  (AC  and  DC),  and 
an  ammeter,  but  it  can  be  used  for  only  one  function  at  a 
time. 


Ohmmeter  function.  First,  let  us  see  how  the  PSM-6  is 
set  up  to  be  used  as  an  ohmmeter.  Figure  8-10  shows  the 
face  panel  of  the  meter  and  the  controls.  The  PSM-6  has 
two  selector  switches:  function  and  range.  Since  we  want  to 
measure  resistance,  the  function  switch  should  be  set  for 
OHMS. 

The  range  switch  has  seven  positions.  You  will  note  in 
the  figure  that  the  horseshoe-like  symbol,  which  is  the 
Greek  letter  omega  H  representing  ohms,  is  missing  on  the 
switch  are  not  used  when  measuring  resistance.  Most  of  the 
time,  you  will  start  a  measurement  with  the  range  switch  in 
the  OHMS  TIMES  ONE  (fl  X  1)  position  and  work  up  to 
the  most  accurate  scale. 

The  PSM--6  has  a  pair  of  leads.  One  lead  is  red  (positive); 
the  other  is  black  (negative).  As  you  can  see  in  the  figure, 
the  PSM--6  has  two  jacks  on  the  lower  part  of  the  front 
panel.  To  prepare  the  meter  for  use,  simply  insert  the  red 
lead  into  the  red  jack  and  the  black  lead  into  the  blackjack. 

Before  proceeding  you  must  remember  to  use  caution 
when  using  the  ohmmeter  function  of  the  PSM-6.  Never 
connect  an  ohmmeter  into  a  hot  circuit  (power  applied). 

Now,  before  you  make  a  measurement  with  the 
ohmmeter,  it  must  be  zeroed.  To  do  this,  short  the  leads 
together  to  cause  full-scale  deflection.  If  the  pointer  does 
not  point  directly  at  the  zero  scribe  mark,  you  must  make 
the  zero  adjustment.  Turn  the  ohms  zero  knob  until  the 
pointer  points  directly  at  the  zero  mark.  A  ver>'  important 
factor  to  remember  when  making  an  accurate  resistance 
measurement  is  to  zero  the  meter  each  time  you  select  a 
new  range  scale.  Also,  when  you  make  a  resistance 
measurement,  consider  these  points: 

a.  You  may  have  to  break  a  soldered  connection  if  the 
resistor  to  be  tested  is  in  a  parallel  circuit.  In  other  words, 
the  resistor  must  be  isolated. 

b.  The  meter  leads  must  make  good  contact  with  the 
resistor  leads.  You  should  remove  any  dirt,  grease,  varnish, 
paint,  or  any  other  material  on  the  resistor  leads  that  may 
prevent  current  flow. 

c.  Oon't  allow  body  resistance  to  distort  your  ohmmeter 
reading  by  touching  the  ends  of  the  leads  with  your  fingers. 
Keep  your  hands  on  the  insulated  portions  of  the  leads. 

Since  full-scale  deflection  is  caused  by  zero  resistance,  it 
can  be  said  that  the  deflection  of  the  meter  is  inversely 
proportional  to  the  resistor  being  tested.  For  a  small 
resistance,  the  deflection  will  be  slightly  less  than  that  of 
zero  resistance;  for  a  large  resistance,  the  deflection  will  be 
considerably  less.  This  difference  in  deflection  indicates 
that  the  left  side  of  the  ohm  scale  shows  high  resistance,  and 
the  right  side  of  the  scale  shows  lo-  -  .t.o^-vr  e.  With  rare 
exceptions,  the  ohms  scale  is  always  read  irom  right  to  left. 
Zero  resistance  is  indicated  on  the  right  side  of  the  scale. 
Therefore,  you  must  begin  from  the  zero  point  and  work  left 
until  you  come  to  the  pointer.  When  you  read  the  meter, 
you  must  also  read  the  position  of  the  range  switch  and 
multiply  the  reading  on  the  meter  scale  by  the  range-switch 
setting. 

As  you  can  see  in  figure  8-10,  the  calibrations,  or  scribe 
marks,  of  the  ohm  scale  are  crowded  on  the  left  side,  which 
makes  accurate  reading  difficult.  For  this  reason,  it  is  best 
to  use  a  range  in  which  the  pointer  will  fall  in  the  right  half 
of  the  scale. 
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Figure  8-1 1 .  AN/URM  105,  multimeter. 


As  an  ohmmeter,  t!.e  PSM-6  is  a  very  handy  instrument. 
It  appears  to  be  fairly  rugged;  however,  inside  there  are 
many  delicately  balanced  precision  parts  so  be  careful  with 
it.  When  you  finish  using  the  ohmmeter.  be  sure  to  place 
the  function  switch  to  a  position  other  than  OHMS  before 
storing  it.  When  it  is  stored  with  the  fu;*ction  switch  in  the 
OHMS  position,  the  batteries  discharge  like  the  batteries  of 
your  transistor  radio  when  you  leave  it  on  all  of  the  time. 
The  leads  should  also  be  removed  and  stored  for  their 
protection.  There  is  a  storage  compartment  in  the  meter 
cover  for  meter  accessories. 

DC  voltmeter  function.  The  PSM— 6  can  also  be  used  as  a 
DC  voltmeter  if  the  function  switch  is  placsd  in  either  of 
two  positions:  DC/lKft/V  or  DC/20Kft/V.  The  meter 
leads,  as  in  the  operation  of  the  ohmmeter  function,  should 
be  connected  to  the  *     cr  i-  c<    esponding  cof  o 

-^t  re^'erse  i  u-nuLuui. 

you  shou'      K)w.  when  a  meter  is  connected  in  a 
circuit,  it  beco  ircuit  component.  Since  all  meters 

have  some  resistance,  they  will  alter  the  circuit  condition  by 
slightly  changing  the  current.  The  resistance  of  the 
voltmeter  is  rather  high  and  depends  on  the  position  of  the 
function  switch.  The  DC/20Kft/V  position  gives  a  much 
higher  meter  resistance  than  the  DC/lKft/V  position,  and 
the  higher  meter  resistance  gives  a  more  accurate  meter 
reading.  For  this  reason,  you  should  use  the  highest  meter 
resistance  possible.  In  earlier  models,  voltmeters  contained 
only  a  1,000-ohms-per-volt  function,  and  tables  of  standard 


voltage  values  were  established  with  this  function. 
Therefore,  many  of  the  tables  of  standard  voltage  values 
you  will  find  in  technical  orders  were  made  using  the  1000- 
ohms-pcr-\olt  position.  If  you  wish  to  compare  your 
readings  to  standard  values,  you  will  need  to  use  the 
DC/lKfl/V  position.  But  remember  that  the  DC/ZOKfl/V 
position  gives  the  most  accurate  reading. 

Now  that  we  have  the  function  switch  set  and  the  master 
leads  connected,  let's  discuss  the  range  switch  and  the  scale 
on  the  meter  to  be  used.  When  measuring  DC  voltages,  you 
can  select  one  ol  seven  ranges  with  the  range  switch:  of  the 
range  switch  dcterniines  the  maximum  value  represented  on 
the  meter .  When  measuring  DC  voliages,  use  the  black  DC 
scale.  For  example,  assume  that  you  wish  to  measure  30 
volts  DC.  In  this  ease,  set  the  range  switch  to  the  50 
position;  the  nietf;r  needle  will  rise  to  a  little  more  than 
halt-scale.  Then  the  digit  on  the  scale  represents  50  volts, 
and  the  3  (to  which  the  needle  will  move)  represents  30 
volts. 

•When  measuring  a  known  DC  voltage,  try  to  use  the 
range  that  will  cause  midscale  deflection.  If  the  leads  were 
connected  to  the  circuit  backwards,  the  meter  needle  would 
try  ti>  move  in  the  reverse  direction  and  could  be  damaged 
by  hitting  the  loft-hand  meter  stop.  If  in  doiibt.  check  the 
polarity  by  niornentarily  touching  the  leads  to  the  circuit.  If 
the  needle  moves  to  the  right,  the  polarity  connection  is 
correct. 

For  DC  voltage  of  a  range  higher  than  1000  volts,  an 
accessory  PROD  TFST.  as  shown  in  the  bottom  center  of 
figure  8-10.  is  provided  in  the  PSM-6  accessory  kit.  Prod 
Test  MX--14I0/1)  can  increase  the  meter  range  to  5000 
volts. 

The  procedure  for  connecting  the  MX-1410/U  with  the 
PSM-6  is  as  follows:  Place  the  function  switch  to  500. 
Connect  meter  leads  to  the  PSM-6  (same  as  for  ohmmeter 
or  voltmeter).  Connect  the  negative  lead  to  the  negative 
point  of  the  circuit  under  test  and  the  positive  lead  to  the  pin 
jack  of  MX- 141  'U.  Connect  the  prod  test  to  the  source  of 
v(^ltage  under  test.  Read  the  DC  scale,  using  five  digits 
(should  be  read  as  5000). 

AC  voltmeter  fund ir)n ,  The  PSM^  can  also  be  used  as 
an  alternating-current  voltmeter.  The  method  of  connecting 
the  meter  leads  is  the  same  as  with  the  DC  voltmeter, 
except  that  polarity  need  not  be  observed.  You  should  use 
the  same  safety  precautions  as  with  the  DC  voltmeter 
(disconne  power  b  'ore  onnecting  te-^r  leads,  etc.).  An 
A  e  •  '      -    e    r.  twc  range  of  (MXK)  volts. 

1  ivii;  oi  1000  ohms^per  volt.  The  method  for 

selectir  measuring  is  as  follows:  place  the  function 

switch  to  ,  iCVM  Kfl  V.  Use  the  range  switch  just  as  you  did 
when  measuring  DC  voltage.  Now,  ^  ou  must  use  the  AC 
scale  on  the  meter.  The  numbering  system  is  similar  to  that 
of  the  DC  v(iltnieter  readings. 

When  you  do  not  know  the  applied  voltage,  using  either 
the  AC  or  DC  voltmeter,  always  set  the  range  switch  to  the 
highest  settinu.  This  will  insure  that  you  do  not  damage  the 
meter  movement 

You  will  seldom  be  required  to  make  a  current 
measurement  with  a  PSM*-6.  Should  this  be  necessary, 
refer  to  TO  .^3A  l-l  2-2-1 , 
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Figure  8-13.  Volt-amp  multimeter. 


Exercises  (267): 

1 ,   State  the  setup  procedures  for  the  PSM-6  ohmrnetcr. 


5.   What  are  the  procedures  required  to  change  the  PSM-6 
from  reading  DC  voltage  to  AC  voltage? 


2,   What  precaution  must  you  observe  when  using  an 
ohmmeter? 


3,   How  should  the  ohmmeter  be  stored? 


4.   How  is  the  PSM-6  DC  voltmeter  function  set  up? 


6.   Mark  the  following  statements  true  (T)  or  false 
Correct  false  statements. 


The  most  accurate  DC  voltage  reading  is 
given  when  the  function  switch  is  in 
DC/IKH/V  position. 

When  using  the  AC  voltmeter,  you  need 
not  observe  the  polarity  when  placing  the 
leads  in  the  circuit. 

To  measure  VDC,  set  the  range  switch  to 
2.5  and  move  up  range  for  a  more  accurate 
reading. 

If  you  need  to  read  DC  voltages  above 
1000  volts,  use  a  Prod  Test  MX-1410/U. 
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8-2.  Test  Equipment 

In  addition  to  the  common  meters  previously  discussed, 
there  are  several  other  pieces  of  lest  equipment  you  may  use 
in  your  work.  Some  of  these  test  devices  have  their  own 
source  of  power,  and  others  depend  on  an  external  source. 
There  may  be  times  when  you  arc  testing  a  circuit  that  you 
need  to  know  only  if  the  circuit  is  complete  or  if  voltage  is 
present.  In  such  cases,  or  when  a  meter  is  not  available, 
these  devices  can  be  quite  useful. 

268.  Identify  the  function  of  voltage  indicators, 
continuity  test  sets,  and  circuit  breaker  and  overload 
relay  testers. 

Voltage  Indicators.  These  devices  provide  a  very 
convenient  and  compact  way  to  find  out  whether  a  circuit  is 
live.  Some  may  also  be  used  to  find  the  polarity  of  DC 
circuits  or  to  find  out  whether  a  circuit  is  AC  or  DC.  There 
are  a  number  of  types,  shapes,  and  sizes  of  indicators,  all  of 
which  serve  the  same  purpose.  A  typical  voltage  indicator  is 
shown  in  figure  8-14.  With  the  test  leads  connected  to  a 
circuit,  the  presence  of  voltage  will  be  indicated  by  the 
glowing  of  a  neon  light.  This  light  is  energized  by  the  live 
circuit  and  wilt  show  the  approximate  amount  of  voltage  on 
the  scale.  Others  show  the  amount  of  voltage  by  way  of  a 
pointer  on  the  scale.  No  matter  which  indicator  is  used,  it 
must  be  connected  in  parallel  with  the  source  of  power! 

If  you  do  not  have  an  indicator  of  the  type  described,  iri 
an  emergency  you  can  make  one  that  will  show  you  whether 
voltage  is  present.  It  is  called  a  test/lamp  and  is  merely  a 
weatherproof  rubber  lighi  socket  with  an  incandescent 
lamp.  The  lamp  used  should  be  of  the  highest  voltage  rating 
of  the  circuit  to  be  tested.  Never  use  an  indicator  or  test 
lamp  on  a  circuit  where  you  suspect  the  voltage  might  be 
higher  than  that  for  which  the  lamp  is  rated. 

Continuity  Test  Set.  The  continuity  test  set  is  used  to 
check  circuits  for  broken  conductors  or  open  connections. 
It  can  also  be  used  to  check  for  shorts  or  grounds.  It  is  used 
in  place  of  an  ohmmeter  when  it  is  not  necessary  that  you 
^  now  the  amount  of  resistance  in  the  circuit.  Figure  8-15 
>hows  you  how  to  connect  a  battery  and  a  low-voltage 
buzzer  or  bell  to  use  as  a  continuity  test  set.  Note  that  the 
bell  and  battery  are  in  series.  To  complete  the  circuit  and 
ring  the  bell,  you  have  to  short  the  test  leads  or  test  a 
complete  circuit.  If  you  are  checking  a  circuit  thaf  is  open, 
the  bell  will  not  ring.  It  is  important  to  remember  that  this 
set,  like  an  ohmmeter,  must  never  be  connected  to  a  live 
circuit.  To  do  so  might  blow  up  the  power  source  or  cause  a 
severe  shock. 

Circuit  Breaker  and  Overload  Relay  Tester.  The 

circuit  breaker  and  overload  relay  tester  is  a  self-contained 
portable  unit,  operated  by  an  external  120  volts,  60  Hz 
power  supply.  The  tester  is  used  to  calibrate  molded  case 
circuit  bieakers  and  overload  relays.  It  has  an  output 
capacity  rated  from  4.5-200  amperes. 

The  test  unit  is  placed  in  series  with  the  device  being 
checked.  The  required  amperes  are  dialed  into  the  device 
and  register  on  the  tester  ammeter.  If  the  device  being 
checked  is  working  prop>erly,  the  device  should  trip-out  at 
±  15  percent  of  the  device  rating.  The  tester  will  find  weak 
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devices  that  trip  early  causing  unnecessary  nuisance 
tripping  and  potential  fire  hazards  from  devices  that  operate 
over  their  rated  amperes. 

Troubleshooting  or  circuit  analyses  using  the  test 
equipment  and  meters  covered  in  this  chapter  will  be 
covered  again  in  Chapter  9. 

Remember  that  the  meters  and  the  items  of  test 
equipment  you  use  from  time-to-time  are  delicate  precision 
instruments,  and  must  be  handled  with  care.  Unreliable  or 
inaccurate  instruments  can  cause  you  to  make  costly  errors; 
therefore,  the  care  of  meters  and  test  equipment  is 
extremely  important  to  you.  Before  you  attempt  to  use  an 
unfamiliar  piece  of  equipment,  read  the  instruction  manual 
and  follow  its  instructions  carefully.  Some  test  instruments 
may  require  special  handling;  others  require  sp>ecial 
storage. 


Figure  8-14.  Voltage  indicalor. 
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Exercises  (268): 
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Figure  Continuity  test  set. 


Mark  the  following  statements  true  (T)  or  false  (F),  and 
explain  why  the  false  statements  are  incorrect. 


.  1. 

.2. 

_3. 
-4. 


.6. 


Voltage  indicators  are  used  only  for  indicating 
the  pressure  of  voltage. 

Voltage  indicators  have  an  internal  power 
source. 

When  using  a  test  lamp,  any  size  lamp  will  do. 
The  continuity  test  set  is  used  for  locating 
opens,  shorts,  or  grounds. 

The  continuity  test  set  can  be  used  on  live 
circuits. 

The  circuit  breaker  and  overload  relay  tester  is 
used  to  check  overcurrent  protection  devices. 
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CHAPTER  9 


Dr^'^HbMtson  System  Man^tenance,  Troubleshooting 

and  Repair 


ABOUT  HALF  of  yuur  time  as  an  electrician  will  be  spent 
performing  preventive  maintenance  and  troubleshooting 
circuits  to  fmd  faults.  Once  equipment  is  installed,  it  is 
expected  to  remain  in  service  for  some  time.  A  good 
maintenance  program  will  insure  that  the  equipment  does 
have  a  long  life.  This  program  is  part  of  your  responsibility 
as  an  electrician. 

9*1  •  Inspection  and  Maintenance 

Regardless  of  the  quality  of  installation  or  materials 
used,  any  functioning  ^system  is  subject  to  unexpected 
breakdowns.  An  effective  inspection  and  maintenance 
program,  as  discussed  below,  will  enable  you  to  cut 
downtime  to  a  minimi  n. 

269.  Identify  the  components  of  a  distribution  system 
that  should  be  included  in  an  inspection  and 
maintenance  program «  and  cite  maintenance 
procedures. 

Preventive  Maintenance.  A  well-planned  maintenance 
program  is  merely  a  system  of  routine  inspections  and 
checks  along  with  periodic  cleaning,  tightening,  adjusting, 
and  lubricating,  designed  to  keep  the  system  in  good 
condition.  If  you  follow  the  program,  you  should  be  able  to 
prevent  breakdowns  or  faults.  This  is  called  preventive 
maintenance.  A  good  maintenance  program  for  interior 
distribution  systems  will  include  the  inspection  and 
maintenance  of  conductor  insulation,  fittings  and 
connections,  and  all  electrical  operating  devices. 

Conductor  insulation.  The  insulation  materials  on 
conductors  shield  or  protect  the  conductors  from  accidental 
contact  with  other  conducting  materials.  Either  the 
insulation  is  formed  on  the  conductor  during  manufacture  or 
it  is  installed  during  the  system's  installation.  It  is  important 
for  you  to  maintain  these  coatings  or  shields  on  the 
conductors.  Preventive  maintenance  should,  therefore, 
include  periodic  insulation  resistance  tests  using  a 
megohmmeter  and  visual  checks  to  expose  potential  trouble 
locations.  You  may  And  that  the  wire  insulation  has  become 
nicked  or  scraped.  These  areas  should  b>e  taped,  repaired,  or 
replaced,  and  then  relocated  to  prevent  future  damage. 

Conductor  shielding  that  was  put  on  conductors  during 
installation  must  also  be  included  in  your  maintenance 
program.  When  the  original  shielding,  such  as  a  protective 
sleeve,  tape,  or  a  wire  nut  is  dislodged  or  damaged,  you 


should  replace  it.  Cable  or  conduit  supports  should  also  be 
checked  periodically  to  insure  a  trouble-free  operating 
system.  Loose  or  missing  straps  should  be  retightened  or 
replaced. 

Fittings  and  connections.  To  avoid  the  possibility  of 
short  circuits,  you  must  periodically  spot  check  the 
electrical  connections  and  fittings.  These  fittings  include 
such  items  as  conduit  couplings,  connectors,  and  cable 
clamps.  You  must  check  these  fittings  for  looseness  or 
separation.  Tighten  fittings  and  reclamp  or  resupport  the 
conduit  or  cable  when  necessary. 

The  conductor  connections  to  electrical  devices  or  other 
conductors  must  also  be  included  in  your  periodic 
maintenance  checks  to  determine  the  condition  of  splices, 
wiretaps,  and  terminal  connections.  Loose,  partial 
connections,  or  partially  broken  connections  at  the  screw 
terminals  or  splices  of  an  electrical  device  can  cause  short 
circuits  or  arcing,  especially  if  the  free  wire  makes  contact 
with  other  metallic  parts  that  are  grounded.  Excessive  heat 
is  the  real  problem,  since  the  heat  created  by  the  loose 
connections  causes  an  increase  in  amperage,  which  in  turn 
generates  i;iore  heat. 

The  increased  resistance  resulting  from  a  loose  or  poor 
connection  also  increases  the  voltage  drop  causing 
inefficient  operation.  If  this  increased  resistance  in  the  wire 
or  terminal  connections  is  high  enough,  the  resulting  heat 
may  reach  a  temperature  that  will  ignite  the  insulation  and 
surrounding  materials,  and  provide  the  basis  for  a  fire. 
Consequently,  all  electrical  connections  you  find  loose, 
either  on  equipment  or  in  circuits,  must  be  tightened  or 
repaired.  One  sign  of  a  poor  connection  is  corrosion.  If  you 
find  such  a  situation,  be  sure  to  clean  and  retighten  the 
connection  to  correct  the  cause. 

Devices.  The  importance  of  periodically  inspecting  all 
electrical  devices  for  defects  cannot  be  overemphasized. 
Just  a  personal  observation  on  your  part  can  detect  most 
serious  difficulties  within  an  electrical  system.  Your 
periodic  inspections,  checks,  and  tests  of  equipment  and 
devices  must  include  the  normal  operation  under  a  specified 
rated  load.  Any  device,  such  as  a  circuit  breaker,  which 
fails  these  tests  is  broken  or  loose  in  its  mountings  must  be 
replaced  or  repaired  to  prevent  an  operational  breakdown  or 
a  hazard  to  you  and  others.  If  breakage  occurs  repeatedly  in 
specific  locations,  you  should  either  replace  the  electrical 
equipment — or  the  device — with  more  suitable  equipment 
or  relocate  the  equipment — or  device — to  a  more  suitable 
place.  You  will  have  to  troubleshoot  the  specific  circuits 
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and  equipment  to  locate  these  types  of  faults.  Our  next 
section  will  discuss  the  method  of  doing  this. 


270.  Identify  common  cii^cuit  failures  and  procedures 
for  troubleshooting  electrical  circuits. 


Exercises  (269): 

1 .  What  is  preventive  maintenance? 


2.  List  the  components  of  a  distribution  system  that 
should  be  included  in  a  good  inspection  and 
maintenance  program. 


3.  How  is  conductor  insulation  checked,  and  what 
maintenance  is  required  to  insure  good  conductor 
insulation? 


4.  Which  fittings  should  be  spot  checked,  and  how 
should  they  be  checked? 


5.  Why  is  it  important  to  check  for  loose  connections? 


6.  What  should  a  periodic  ins|>ection  or  test  of  equipment 
or  devices  include? 


7.  If  a  breakdown  occurs  repeatedly   in   a  specific 
location,  what  action  should  you  take? 


9-2.  Circuit  Troubleshooting  and  Repair 

Electrical  troubleshooting  is  a  very  important  part  of  your 
job.  Your  ability  to  find  a  faulty  condition  in  a  short  period 
can  play  an  important  part  in  shortening  the  downtime 
caused  by  the  failure.  To  find  faulty  conditions  in  circuits, 
you  must  do  some  inspecting,  some  calculating,  and  some 
instrument  testing.  A  few  moments  spent  studying  the 
circuit  diagrams  before  you  actually  start  troubleshooting 
will  simplify  the  task  of  isolating  the  trouble.  If  a  circuit 
fails  to  function,  use  logic  when  you  check  for  the  fault. 
The  Irial-and-error  method  of  finding  faults  in  circuits  is 
inefficient  and  time  consuming. 


The  tirst  step  to  take  in  troubleshooting  circuits  is  to 
inspect  the  circuit  visually.  Check  for  loose  connections, 
loose  wires,  abraded  wires,  and  loose  fittings. 

Capacity.  An  overloaded  circuit  is  a  serious  problem. 
Many  times  the  rlectrical  demand  on  a  circuit  is  so  great 
that  the  circuit  fuses  blow  or  the  circuii  breakers  trip.  In 
some  cases  the  wron^  fuses  or  circuit  breakers  are  used, 
causing  the  wires  to  overheat  and  the  insulation  to  bum  off. 
This  condition  causes  shorts  and  gi\)unds  and  s»M.>  up 
f>otential  fire  hazards. 

Open  Circuits.  An  open  circuit  occurs  in  a  wiring 
system  when  one  or  more  conductors  in  a  circuit  are  broken 
or  otherwise  separated.  An  open  circuit  is  determined  by  the 
failure  of  a  part  or  all  of  an  electrical  circuit  to  operate,  even 
though  the  fuses  may  not  be  blown.  Use  the  following 
maintenance  prcKedure  for  locating  the  source  of  the 
trouble: 

a.  Initially,  you  should  make  a  visual  check  for  a  broken 
or  loose  connection  at  the  first  dead  (nonoperating)  outlet  in 
the  circuit.  If  a  defective  connection  is  found,  tighten  or 
repair  the  connection. 

h.  If  you  do  not  find  the  trouble  or  open  by  a  visual 
check,  use  a  voltmeter  to  detennine  whether  ihe  circuit  is 
live  (operating)  up  to  the  point  of  the  component. 

Short  Circuits  or  Grounds.  A  short  circuit  results  when 
two  bare  conductors  of  different  potential  come  into  contact 
with  each  other.  If  a  conductor  accidentially  contacts  a 
metallic  part  of  a  wiring  system,  such  as  a  motor  frame  or 
conduit,  the  system  is  sometimes  said  to  be  grounded, 
instead  of  having  a  short  circuit.  Grounds  or  short  circuits 
can  be  (1)  solid,  (2)  partial,  or  (3)  floating.  This  situation 
presents  a  serious  safety  hazard,  because  the  machinery 
may  still  operate  even  though  it  has  a  short  circuit.  This  is 
especially  true  in  motors  and  some  appliances. 

A  solid  ground  or  short  circuit  is  one  in  which  a  full 
voltage  reading  is  obtained  across  the  terminals  of  a  blown 
fuse  when  the  load  is  disconnected  from  the  circuit.  The 
circuit  resistance  in  this  ca.se  is  very  lov/,  and  the  current  is 
very  high  so  that  the  fuse  will  blow. 

A  partial  short  or  ground  is  one  in  which  the  resistance 
between  each  of  the  phase  wires  or  between  the  phase  wire 
and  the  ground  is  partially  lowered  but  still  remains  high 
enough  to  prevent  enough  current  to  blow  the  fuse.  Grounds 
of  this  type  are  generally  more  difficult  to  locate  than  are 
solid  grounds. 

A  floating  ground  is  a  condition  in  which  the  resistance 
of  the  defect  in  a  system  varies  from  time  to  time.  Grounds 
of  this  type  may  be  present  in  an  electrical  system  for  some 
time  before  their  existence  becomes  known.  A  floating 
ground  is  indicated  when  fuses  continue  to  blow  on  the 
phase  side  of  a  circuit  and  a  circuit  test  shows  no  defects  in 
the  system.  In  grounds  of  this  type,  fuse  trouble  may  not 
occur  for  several  days.  Then  the  ground  recurs,  and  the 
fuses  are  blown  again. 

The  procedures  used  to  repair  the  troubles  mentioned 
thus  far  are  usually  fairly  simple.  In  the  case  of  an  open, 
short,  or  ground  in  NM  cable,  the  bad  section  from  box  to 
box  can  simply  be  replaced  using  the  same  procedures 
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outlined  for  installation.  Another  method  would  be  to  cut 
die  cable  at  the  trouble  spot,  install  junction  boxes*  and  add 
a  short  piece  of  cable  to  replace  the  bad  section.  Although 
the  latter  is  the  cheapest,  it  may  not  be  possible  if  the 
trouble  is  concealed.  Remember,  you  must  leave  at  least  6 
inches  of  free  conductor  in  a  junction  box  to  make  the 
splices. 

Once  you  fmd  where  a  trouble  is  in  a  conduit  system,  the 
repair  procedure  is  even  easier.  All  that  is  required  is  to  pull 
the  open,  shorted,  or  grounded  conductor  out  and  replace  it 
with  a  new  one.  This  can  be  done  by  attaching  the  new 
conductor  to  <he  one  that  is  to  be  removed.  In  any  case,  a 
little  common  sense  and  knowledge  of  the  NEC 
requirements  will  dictate  the  action  you  should  take. 

Exercises  (270): 

1 .  In  a  visual  inspection  of  a  circuit,  what  do  you  look  for 
specifically? 


2.    .Vhat  is  meant  by  an  open  circuit? 


3.  If  you  cannot  find  an  open,  by  a  visual  check,  what  is 
your  next  step? 


4.  What  are  the  three  types  of  short  circuits  or  grounds? 


Dead  circuits.  To  test  a  dead  circuit,  disconnect  the 
device  from  the  outlet  or  disconnect  switch.  Equipment  for 
this  method  of  test'  rr  includes  such  units  as  ohmmeters  and 
battery-powered  te.  amps.  A  suitable  continuity  tester  can 
be  made  easily  from  a  flashlight  in  an  emergency.  An 
ohmmeter  (which  contains  its  own  batteries)  is  excellent  for 
continuity  testing.  A  basic  factor  to  consider  in  choosing 
continuity  test  equipment  is  to  use  relatively  low-voltagc 
instruments,  reducing  the  danger  of  sparking.  (When 
connections  are  made  in  the  presence  of  combustible 
vapors,  sparking  is  a  serious  fire  hazard.)  ' 

Live  circuits.  When  you  test  live  circuits^  energize  the 
circuit  under  test  from  the  power  source.  Generally,  you 
will  test  with  a  voltmeter.  Make  certain  that  the  voltmeter  is 
designed  for  the  type  of  voltage  to  be  tested  and -has  a  scale 
of  adequate  range.  Make  sure  the  circuit  is  disconnerted 
from  the  power  source  before  making  the  necessary  circuit 
changes,  then  reapply  the  power.  (CAUTION:  Be 
extremely  careful  not  to  touch  the  hot  conductors  when  you 
use  this  method  of  testing  because  these  live  points  of  the 
circuit  are  exposed  when  the  junction  box  covers  are 
removed.) 

Exercises  (271): 

1.  What  is  the  basic  factor  to  consider  in  choosing 
continuity  testii:g  equipment? 


2.  Where  are  the  tests  started  when  using  either  a 
voltmeter  or  ohmmeter? 


271.  State  procedures  for  troubleshooting  circuits  with 
meters. 

Use  of  Meters.  Many  times  a  visual  inspection  does  not 
uncover  an  apparent  problem;  therefore,  you  must  advance 
to  troubleshooting  with  meters.  In  electrical 
troubleshooting,  you  will  use  voltmeters,  ohmmeters, 
ammeters,  and  the  meter  that  incorporates  many  meters,  the 
multimeter. 

The  voltmeter  requires  that  the  power  be  connected  to  the 
circuit  before  testing,  whereas  the  ohmmeter  cannot  be  used 
on  an  energized  circuit.  Voltmeter  tests  are  started  at  the 
power  input  end  of  the  circuit,  whereas  ohmmeter  tests  are 
started  at  the  ground  end. 

Electrical  circuit  troubles  develop  either  in  the  wiring  or 
in  the  operating  unit.  If  you  carefully  analyze  the  problem 
and  take  systematic  steps  to  locate  it,  you  not  only  save 
much  time  and  energy  but  will  also  often  prevent  damage  to 
expensive  equipment. 

Either  dead  circuits  or  live  circuits  can  be  tested  with 
instruments.  Circuit  defects  can  sometimes  be  located  more 
easily  by  one  method  than  the  other,  depending  upon  the 
type  of  circuit  and  the  trouble. 


3.  What  safety  procedure  is  followed  when  testing  live 
circuits? 


4.  What  types  of  meters  are  used  in:  (1)  a  dead  circuit  and 
(2)  a  live  circuit? 


272.  State  the  procedures  used  in  troubleshooting  open 
circuits. 

Checking  for  Open  Circuits.  Let's  troubleshoot  an 
open  circuit  with  a  voltmeter.  The  power  to  the  circuit  must 
be  turned  on.  The  first  and  most  logical  place  to  check  is  the 
fiise  or  circuit  breaker  panel. 

Set  the  voltmeter  to  the  proper  scale.  If  you  do  not  know 
the  value  of  the  incoming  voltage,  set  the  meter  to  the 
highest  scale;  then  work  down  to  the  proper  scale.  Check 
each  incoming  phase  by  connecting  one  lead  of  the 
voltmeter  to  the  neutral  and  the  other  to  each  phase  one  at  a 
time. 
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Figure  9-1 .  Checking  for  blown  fuse  on  three  phase. 


On  a  three-phase,  120/208-volt  service,  you  should  get 
120  volts  on  each  phase  to  ground.  Less  than  120  volts  on 
one  phase  means  that  phase  is  open  and  you  are  getting  a 
feedback  from  equipment  connected  to  the  load  side  of  the 
panel.  Sometimes  there  will  be  a  slight  variation  of  normal 
voltage  from  the  different  phases.  Therefore,  to  determine 
whether  one  phase  is  dead,  check  between  the  phases. 

To  perform  this  test,  place  one  lead  of  the  voltmeter  on 
phase  A  and  the  second  lead  on  phase  B  and  read  the 
voltage.  It  should  read  approximately  208  or  240, 
depending  upon  the  system.  After  you  have  taken  this 
reading,  move  the  second  lead  to  phase  C  and  take  the 
reading.  After  this  reading,  move  the  first  lead  to  phase  B 
and  take  the  reading.  You  have  now  read  between  all 
phases  and  a  lower  than  normal  reading  indicates  an  open 
phase. 

Which  phase  is  dead?  Assume  that  phase  B  has  a  blown 
fuse.  When  you  take  your  reading  between  phases  A  and  B 
(fig.  9-1),  you  get  a  low-voltage  reading.  Your  next 
reading,  between  phases  A  and  C,  reads  normal.  But,  the 
next  reading,  between  phases  B  and  C,  again  is  a  low 
reading.  Each  time  you  read  to  phase  B,  you  get  low 
voltage.  This  is  a  good  indication  that  phase  B  is  open. 
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Figure  9-3.  Circuit  with  blown  fuse. 


Another  way  to  determine  which  phase  is  open  is  to  plac'e 
one  voltmeter  lead  on  the  top  of  the  fuse  and  the  other  lead 
on  the  bottoip  of  tiie  same  fuse.  If  you  get  a  voltage  reading 
across  the  fuse,  that  fuse  is  open. 

Assuming  that  everything  is  alright  at  the  main  panel, 
let's  examine  a  single  120-volt  circuit.  Illustrations  help 
explain  the  procedure  for  locating  an  open  in  a  circuit. 
Figure  9-2  shows  a  circuit  with  a  lamp  in  series  with  a 
single-throw  switch  and  fuse,  and  the  normal  voltage 
readings  at  the  various  points  of  the  circuit.  If  the  lamp  fails 
to  light,  check  the  circuit  in  progressive  steps  from  the  last 
point  where  voltage  is  known  to  be  present,  through  the 
circuit  and  lamp.  In  figure  9-3,  we  have  voltage  at  one 
connection  of  the  fuse  and  no  voltage  at  the  other.  Since  the 
fuse  is  a  conducting  unit,  normally  the  same  voltage 
reading  should  occur  between  both  sides  of  the  fuse  and  the 
ground.  The  only  conclusion  in  this  case,  then,  is  that  the 
fuse  is  open. 

Figure  9-4  shows  that  there  is  a  voltage  reading  when  the 
voltmeter  is  connected  across  the  lamp.  The  logical 
assumption  is  that  the  lamp  is  inoperative.  To  be  sure  the 
lamp  is  inoperative,  you  must  check  it  with  an  ohmmeter. 
Fuses,  switches,  and  lamps  are  vulnerable;  you  should 
check  them  first  in  a  circuit. 

In  figure  9-5,  the  lamp  does  not  light  and  the  voltmeter 
shows  voltage  from  the  ground  screw  of  the  lamp  to  the 
neutral  wire.  This  indicates  an  open  in  the  ground  wire. 
When  you  connect  the  voltmeter  at  another  point  at  the  right 
of  the  lamp  and  no  voltage  is  indicated,  you  can  assume  that 
there  is  an  open  in  the  wiring  between  this  point  and  the 
lamp  connection. 
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Figuite  ^2.  Circuit  with  lamp,  switch,  and  fuse. 


Figure  9-4.  Circuit  with  burned-out  lamp. 
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i^'xs^xrc  9-5.  Circuit  with  an  opfn. 


In  figure  9-6,  you  find  two  lamps  wired  in  parallel  and 
controlled  by  a  double-throw  switch.  With  the  switch  in  the 
OFF  (center)  position,  there  is  no  complete  circuu.  When 
the  switch  is  in  the  BRIGHT  position,  a  circuit  is  completed 
throujgh  the  switch  and  through  the  lamps.  With  the  switch 
in  this  position,  the  only  resistance  in  the  circuit  is  the 
resistance  of  the  lamps.  When  the  switch  is  in  the  DIM 
position,  the  circuit  is  completed  through  the  lamps  as 
before,  but  this  circuit  has  an  additional  resistor  in  series 
with  the  lamps.  This  added  resistance  causes  a  decrease  in 
current  flow;  therefore,  the  lamps  glow  with  less  intensity 
than  before. 

If  one  of  the  lamps  lights  and  the  other  one  does  not,  it  is 
not  necessary  to  check  the  complete  circuit  to  find  the  open. 
The  part  of  the  circuit  up  to  point  A  is  common  to  both 
lamps,  and  that  much  of  the  circuit  must  be  completed  for 
even  one  lamp  to  light.  The  place  to  begin  checking  the 
circuit  is  after  point  A  in  the  affected  part  of  the  circuit.  In 
a  circuit  such  as  the  one  shown  in  figure  9-6,  it  is  best  to  use 
a  voltmeter  to  locate  the  trouble.  If  you  connect  the 
negative  lead  of  the  voltmeter  to  the  ground  and  the  positive 
lead  to  point  A,  you  will  get  a  reading  on  the  voltmeter 
scale,  because  point  A  is  connected  through  the  switch  to 
the  positive  line  wire.  If  the  positive  lead  of  the  voltmeter  is 
moved  in  succession  from  A  to  B  to  C,  you  are  able  to 
check  the  continuity  of  wires  AB  and  BC.  If  the  check  at 
p»Dint  C  reveals  no  voltage,  this  indicates  that  wire  BC  is 
open. 

You  can  make  this  same  check  with  an  ohmmeter,  but 
several  additional  steps  are  required.  First,  remove  power 
from  the  circuit  by  placing  the  circuit  breaker  and  circuit 
switch  in  the  OFF  position.  Next,  disconnect  the  junction  of 
wires  at  points  A  and  C.  Then,  with  one  ohmmeter  lead 
placed  on  the  loose  wire  at  A  and  the  other  one  on  B,  check 
the  continuity  of  the  wire.  When  this  check  is  made  and  the 
ohmmeter  indicates  a  low  resistance,  you  have  continuity  in 
the  wire.  But  if  you  place  one  ohmmeter  lead  on  B  and  the 
other  on  the  disconnected  wire  at  C  and  you  get  an  infinite 
resistance,  there  is  an  open  in  this  wire.  (CAUTION:  When 
you  use  an  ohmmeter,  be  sure  that  the  circuit  is  deenergized 
and  is  isolated  to  prevent  reading  resistance  from  other 
portions  of  the  circuit.) 

Many  times  you  can  determine  the  approximate  location 
of  an  open  by  simply  studying  the  circuit  diagram  before 
doing  any  actual  circuit  testing.  For  example,  suppose  both 


lamps  in  figure  9-6  light  when  the  circuit  switch  is  placed  in 
the  BRIGHT  position,  but  neither  lamp  lights  when  the 
switch  is  placed  in  the  DIM  position.  Because  the  lamps 
light  when  the  switch  is  in  one  position,  you  can  gather  that 
all  wires  and  lamps  are  good.  The  only  units  that  could  be 
faulty  arc  the  resistor,  half  of  the  switch,  or  the  wires  that 
connect  the  switch  and  the  resistor.  By  using  the  ohmmeter 
as  you  did  before,  you  can  check  the  continuity  of  these 
parts. 

Exercises  (272): 

1.  Would  taking  a  voltage  reading  with  a  voltmeter 
connected  across  a  lamp  indicate  it  was  open?  Explain 
what  you  vould  do. 


Assuming  that  phase  C  is  open  in  a  three-phase 
service,  describe  the  method  used  to  troubleshoot  this 
malfunction. 


3.  What  items  should  you  check  first  in  a  circuit? 


What  would  be  indicated  if  a  voltage  reading  is 
obtained  from  the  negative  side  of  a  component  to  the 
neutrai  wire?  Explain. 


5.  When  checking  two  lamps  in  parallel  and  one  does  not 
light,  where  should  you  begin  yovx  troubleshooting 
procedure? 


LAMP 


SWITCH 


BRIGHT^  

 OFF 


RESISTOR 


11 0-V 
LINE 


A     open  wire 


Rgure  9-6.  Troubleshooting  open  circuit  with  voltmeter. 
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401 


NEUTRAL 


PHASE 


Figure  9-7.  Faulty  lighting  circuit. 


6.  When  using  an  ohmmeter  to  check  an  open  circuit, 
what  does  a  high*resistance  or  a  low-resistance  reading 
mean? 


273.  Specify  troubleshooting  procedures  for  shorts  and 
grounds. 

Checking  for  Shorts  and  Grounds.  A  short  circuit 
exists  when  there  is  a  direct  connection  between  two  wires 
or  conductors  of  different  potentials.  If  the  trouble  is  not 
found  by  a  visual  inspection,  you  must  isolate  it  step  by 
step.  First,  disconnect  all  the  equipment  in  the  circuit  and 
install  a  new  fuse  or  place  the  circuit  breaker  to  the  ON 
position.  If  the  short  is  clear,  then  the  trouble  will  be  found 
in  the  equipment.  However,  if  the  short  circuit  docs  not 
clear  and  the  fuse  bums  out  again  or  the  circuit  breaker 
trips,  then  the  trouble  is  in  the  wiring. 

To  find  the  short  in  the  electrical  wiring,  you  first 
disconnect  the  wires  at  both  ends  of  the  circuit  and  test  each 
wire  with  an  ohmmeter.  However,  for  your  safety,  before 
you  begin  testing  with  the  instrument,  be  sure  that  the 
circuit  you  are  about  to  test  is  deenergized. 

If  there  is  a  short  between  the  wires,  a  low-resistance 
reading  will  appear  on  the  ohmmeter.  If  no  short  exists 
between  the  wires,  a  high-resistance  reading  will  appear  on 
the  ohmmeter.  You  should  continue  this  procedure  until  the 
short  is  found. 
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Let*s  assume  that  a  light  circuit  is  faulty.  Using  figure  9- 
7  as  an  example  you  see  a  circuit  with  three  lights 
controlled  by  a  swit^i.  with  a  short  at  the  junction  box  of  the 
middle  lamp.  Disconnect  the  wires  at  the  fuse  panel  to 
isolate  the  circuit  and  to  prevent  feedback  from  other 
circuits. 

Connect  one  lead  of  the  ohmmeter  to  the  neutral  and  the 
other  to  the  wire  you  have  just  disconnected.  With  the 
switch  open,  the  ohmmeter  will  read  infinity.  Closing  the 
switch  will  cause  the  ohmmeter  to  read  continuity,  showing 
that  the  short  is  beyond  the  switch.  You  can  now  proceed  to 
the  nearest  junction  box  and  test  at  the  first  light.  Remove 
all  light  bulbs  from  the  circuit. 

Disconnect  point  A  and  connect  the  ohmmeter  between 
the  neutral  and  the  wire  leading  to  the  first  lamp.  You  will 
read  infinity.  Remember,  infinity  means  that  the  circuit  is 
good  and  continuity  means  a  short.  Now,  connect  the 
ohmmeter  between  the  neutral  and  the  lead  going  to  the 
middle  lamp.  The  reading  will  show  continuity,  indicating 
the  short  is  beyond  point  A.  You  should  leave  point  A  open 
at  this  time  and  continue  on  to  the  middle  lamp. 

Disconnect  point  B  and  take  the  same  readings  that  you 
took  at  the  first  light.  From  these  tests,  you  can  determine 
that  the  circuit  between  the  first  and  middle  lamp  is  alright 
(infinity  reading),  and  the  trouble  must  be  between  the 
second  and  third  lamp.  By  checking  closely  at  the  middle 
junction  box,  you  can  probably  see  charred  or  frayed  wires 
indicating  the  problem.  You  may  need  to  continue  your 
check  to  point  C.  Use  the  same  procedure  as  with  the  other 
lamp,  and  find  the  trouble  between  points  A  and  C. 
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Exercises  (273): 
1 .  When  does  a  short  exist? 


3.  What  is  indicated  if,  after  you  disconnect  all 
equipment  and  install  a  new  fuse,  the  fuse  does  not 
bum  out? 


2.  When  using  an  ohmmeter  to  check  for  a  short,  what        4.  During   a   visual   inspection,   what  might  be  an 
does  infinity  reading  mean  after  checking  across  two  indication  of  shorted  wires? 

points? 
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203  " 
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203 

203 

204 
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2. 


200-5. 


202  -  I. 


202 

-  2. 

202 

-  3. 

202 

-4. 

202 

-  5. 

202 

-6. 

205  -  I. 


205  -  2. 


Elements  arc  known  as  the  building  blocks  of  nature. 
Maner  is  composed  of  very  snudl  units  called  molecules,  which 
are  made  up  of  atoms,  which  in  turn  are  made  up  of  paiticlei 
called  protons,  neutrons  and  electrons. 
To  water  flowing  through  a  pipe. 

Water  is  composed  of  two  distinct  elements:  two  parU  of  the 
element  hydrogen  (H2)  and  one  part  of  the  element  oxygen  (O), 
expressed  H2O. 

Compounds  can  be  separated  only  by  chemical  means,  and  a 
mixture  can  be  separated  by  physical  means. 
A  molecule. 
Atoms. 

Electrons  moving  or  flowing  through  a  conductor. 
Voltage  is  electrical  pressure. 

Heat,  magnetism,  chemical  action,  and  physical  force. 
Magnetism  and  heat. 

By  the  cross-sectional  area,  the  length,  and  temperature. 
The  ohm. 

A  natural  magnet  is  a  black  mineral  ore  called  lodestonc  or 
magnetite  exhibiting  magnetic  properties.  An  artificial  magnet 
is  made  of  iron  c  steel  magnetized  by  induction  from  some 
exterior  object. 

The  lines  connecting  the  direction  of  the  field  around  a  magnet 

from  pole  to  pole  are  called  lines  of  force. 

It  has  an  unstable  physical  structure  and  a  low  magnetic 

strength. 

Hard  steel  or  other  substance  that  has  the  same  characteristics. 
Hard  steel  will  hold  its  magnetism  for  a  long  period  of  time. 
In  a  north-south  direction,  aligning  itself  with  the  earth's 
magnetic  field. 

The  field  of  stress  interacts,  causing  repulsion  or  attraction, 
depending  upon  the  polarity  of  the  poles. 

T. 

F.  All  forces  produced  by  magnetic  circuits  are  called 
magnetomotive  force.  ElectronK>tive  force  is  the  pressure 
needed  to  produce  a  flow  of  electrons. 
T. 

F.  The  lines  of  force  ai«  concentrated  within  the  loop.  The  lines 

inside  the  loop  combine  as  they  come  together. 

T. 

Electrons  moving  in  one  direction  through  a  conductor. 
Electrons  n>oving  back  and  forth  through  a  conductor  at  a 
specific  interval. 

The  relationship  applies  to  any  circuit  or  part  of  a  circuit;  the 
current  in  amperes  is  equal  to  the  EMF  in  volts  divided  by 
resistance  in  ohms. 


206 
206 
206 
206 

207 


207 
207 

208 
208 


2. 

208  -  3. 


209 
209 


210 
210 


-  1 .  The  first  step  should  be  to  reduce  the  two  puallel  resistors  B 
and  C  to  an  equivalent  single  resistance. 

-2.  In  a  parallel  circuit,  the  total  current  equals  the  sum  of  the 
current  in  the  branches. 

-  3.   The  voltage  drop  would  be  computed  by  using  the  formula  E, 
X  R^,  thus  3  X  10    30  volts  drop. 

-4.  A  series-parallel  circuit  should  be  reduced  to  an  equivalent, 
simplified  circuit.  Each  group  of  parallel  resistors  is  first 
replaced  by  its  equivalent  single  resistance,  and  the  entire 
circuit  is  then  treated  as  a  series  circuit. 

(1)  d. 

(2)  b. 

(3)  a. 

(4)  c. 

The  power  is  computed  with  the  fonnula  P  =  rR. 
120  watts. 

From  negative  to  positive. 

The  term  **herti**  has  been  adopted  in  recognition  of  Heinrich 
Rudolph  Hertz,  a  German  physicist. 

(2)  a. 

(3)  k. 

(4)  b. 

(5)  e. 

(6)  h. 

(7)  d. 

(8)  f. 

(9)  c. 

(10)  c. 

(11)  j. 

(12)  1. 

The  current  flow  in  a  circuit  containing  resistance  only  is  the 
same,  regardless  of  whether  the  applied  voltage  is  AC  or  DC. 

(1)  c. 

(2)  a. 

(3)  b. 

(4)  e. 

(5)  d. 

1.    When  the  circuit  consists  of  pure  resistance. 
■  2.   When  the  current  and  voltage  are  out  of  phase  due  to  reactance 
in  the  circuit. 


-2. 


210-3. 


205 


R  =  -~,  R  =         R  =  3  ohms. 

E  =  I  X  R,  E  =  2  X  (7  +  5).  E  =  2  X  12,  E  =  24  volts 


I 


R 


I  = 


24 


10  +  8  +  6 


amp. 


In  a  series  circuit,  the  relationship  is  as  follows: 

a.  The  total  resistance  is  the  sum  of  the  individual  resistors. 

b.  The  same  current  flows  in  each  part  of  the  circuit. 

c.  The  applied  voltage  will  divide  anMng 
according  to  their  resistance. 


the  resistors 


Power  factor  = 


true  power 
apparent  power ' 


210  -  4.    Pf  =  90.47  or  90.5  percent. 

210-5.    Wattless  power  or  reactive  power  expressed  in  VARs. 

211  -  1 .   The  function  of  a  generator  is  to  convert  mechanical  energy  into 

electrical  energy.  This  is  done  by  the  rotating  field  through  the 
use  of  electromagnetic  induction. 

211  -  2.   The  correct  statements  are  a,  c,  d,  and  f . 

212  -  I.   Single  and  three-phase. 

212-2.   By  the  principle  of  either  moving  conductors  across  a  magnetic 

field  or  moving  a  magnetic  field  across  the  conductors. 
212-3.  Deluorwye. 

212  -  4.   The  first  half  revolution  of  the  rotor  produces  a  voltage  in  one 
direction  and  completes  the  first  half  of  the  cycle;  the  second 
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5. 

Z  1  z 

JL. 

o. 

213 

— 

L 

213 

— 

2. 

213 

— 

3. 

213 

4. 

214 

— 

L 

214 

2. 

214 

- 

3. 

214 

4. 

2U 

- 

5. 

214 

6. 

215 

L 

215 

2. 

215 

3. 

216  -  1. 


216 
216 


216 
216 


217 
217 


217 
217 


3. 


4. 
5. 


217  -  3. 


4. 
5. 


half  revolution  produces  a  voltage  in  the  opposite  direction  and 
completes  the  last  half  of  the  cycle. 
An  exciter  supplies  the  DC  voltage. 
120*. 

The  primary  cell  can*t  be  recharged;  the  secondary  cell  can. 
The  negative  plate  is  spongy  lead  and  the  positive  plate  is  lead 
peroxide. 

Sulfuric  acid  and  water  solution. 
Potassium  hydroxide  and  distilled  water. 

20  VAC. 

Instrument  transformers. 
Step  it  up. 

Buildup  and  collaps*  of  the  current. 

Primary  winding,  stconJary  winding,  and  an  iron  core. 

It  may  be  center-tapped. 

Transistors  and  vacuum  tubes  both  conduct  current  in  one 
direction  easier  than  in  the  other  difYH:t5on. 
There  are  three  leads  on  a  normal  transistor.  The  center  lead  will 
always  be  the  base  lead. 

When  a  high  voltage  gain  is  desired,  the  transistor  is  connected 
as  a  common  base  circuit. 

The  ordinary  diode  is  a  'wo-clement,  unilateral  conductor  and 
designed  for  current  to  flow  through  if  in  only  one  direction. 
By  an  arrow  printed  on  the  side  of  the  diode. 
An  SCR  will  conduct  only  if  a  voltage  oi  current  pulse  is 
applied  to  the  gate  terminal.  It  will  continue  to  conduct  until  its 
input  voltage  drops  to  zero  or  changes  polarity,  or  its  output 
voltage  changes  polarity. 
In  serjs. 

A  Zener  diode  conducts  current  in  a  forward  direction  at  a  very 
low  voltage.  In  the  reverse  direction  no  current  will  flow  until 
the  voltage  impressed  across  it  is  equal  to  the  Zener  voltage. 

T. 

F.  WHen  the  core  is  near  saturation  it  only  requires  a  small 
change  f'^  the  bias  current  to  cause  a  large  change  in  the  load. 
F.  If  the  AC  coil  is  the  bias  winding,  then  the  saturation  would 
be  impossible  to  control  due  to  the  AC  current  changing 
directions. 
T. 

F.  If  the  core  is  saturated,  then  the  bias  or  control  windings  will 
not  change  the  load  current  at  all.  To  vary  the  amplifier  you 
need  some  room  for  adjustment. 


CHAPTER  2 


218  -  1. 


219  -  1. 


(1)  h. 

(2)  b. 

(3)  a. 

(4)  h. 

(5)  c. 

(6)  e. 
(7^d. 

(8)  f. 

(9)  c. 

(10)  b. 

(11)  h. 

(12)  b. 

(13)  g. 

(14)  a. 

(1)  c. 

(2)  a. 


219  -  2. 


220  -  I . 


220  - 
220  - 
220  - 
220  - 
220  - 

220  - 

221  ■ 
221  - 
221  ■ 
221  ■ 

221  ■ 

222 

222  ■ 
222 
222 
222 
222 
222 

223 
223 
223 
223 


2. 
3. 
4. 
5. 
6. 
7. 

I. 

-  2. 

-  3. 

■  4. 

-  5. 

-  1. 
"  2. 

■  3. 

-  4. 

-  5. 

-  6. 

-  7. 

-  1. 

-  2 

-  3. 
-4. 


223  -  5. 


223 
223 
223 
223 


6. 
7. 
8. 
9. 


223  -  10, 


(3)  g. 

(4)  d. 

(5)  f. 

(6)  e. 

(7)  g. 

(8)  a. 

(9)  c. 

(10)  d. 

(11)  b. 

(12)  d. 

(13)  f. 

(14)  b. 

(15)  b. 

(16)  c. 

(17)  d. 

(18)  f. 

(19)  g. 

(20)  g. 

(21)  e. 

(22)  d. 

(23)  b. 
<l)d. 

(2)  e. 

(3)  a. 

(4)  b. 

(5)  c. 

Fish  tape.  It  is  used  to  null  winch  line  or  rope  through  first;  then 
the  winch  line  or  rope    used  to  pull  the  conductors. 
Folding  rule. 

By  extending  the  metal  slide  at  one  end. 

To  measure  the  diameter  of  a  wire  to  check  the  size. 

To  eliminate  the  danger  of  electric  shock. 

Reamer. 

Make  sure  the  size  of  wire  being  stripped  is  not  larger  than  the 
slot.  If  you  don*t,  the  wirt  may  be  nicked  or  cut. 

Electric  and  nonelectric. 
Propane. 

Soldering  copper. 
In  watts. 

To  absorb  heat  and  protect  components. 
Lead  and  tin. 

The  solder  contains  60  percent  lead  and  40  percent  tin. 

Rosin  flux. 

It  must  be  tinned. 

Clean  with  a  rosin  flux. 

From  under  the  splice  or  joint. 

Make  sure  enough  heat  is  used. 

T. 

i\  By  a  key-type  gear  check. 
T. 

F.  The  spade  bit  docs  not  have  a  screw  tip;  therefore,  pressure 
must  be  applied. 

F.  You  must  reduce  the  pressure  or  the  bit  will  splinter  the 

wood. 

T. 

T. 

T. 

F.  Several  types  of  blades  are  made  for  the  saber  saw  to  cut 

different  types  of  material. 

T. 
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223  -  IL  F.  Always  apply  steady,  even  pressure  and  hold  the  base  plate 
firmly  against  the  work. 

CHAPTER  3 

A  thin  rod  of  h^rd  or  soft  drawn  metal  that  conducts  easily »  such 
as  copper  or  aluminum. 

A  bare  or  insulated  wire  or  group  of  wires  not  insulated  from 
each  other*  which  is  suitable  for  carrying  current. 
A  solid  conductor  is  a  single  wire;  a  stranded  conductor  is  2 
group  of  single  wires  twisted  together. 
Copper. 

No.  40,  the  smallest*  to  No.  4/0.  the  largest. 
No.  2  AWG. 

They  are  sized  according  to  cross-seclional  area  and  numbered, 
;^ccording  to  circular  mils. 
For  flexibility. 

a.  TA-ThenTK>plastic  and  asbestos. 

b.  RH-Heat-resistant  rubber. " 

c.  THW'Moisture  and  heat>resistant  thermoplastic. 
10.  Conductors  in  conduit  will  not  get  rid  of  heat  as  fast  as  those  in 

free  air. 


224 

-  1. 

224 

-  2. 

224 

-  3. 

224 

-  4. 

224 

-  5. 

224 

-  6. 

224 

-  7 

224 

224 

-  y. 

224 
225 


225 
225 


225 


225 
225 
225 

225 

225 

225 

225 


-  1.  To  reduce  the  possibility  of  fire;  to  provide  physical  protection 
for  wire  terminals,  splices,  and  electrical  devices;  and  to  protect 
people  from  accident  shock,  bums,  or  possible  electrocution. 

2.  Outlet  boxes  and  junction  boxes. 

3.  An  outlet  box  is  used  to  mount  a  switch,  receptacle  outlet,  or 
lighting  fixture,  while  a  junction  box  is  used  to  inclose 
connections  or  splices  between  conductors. 


a. 
b. 
c. 
d. 
e. 


T. 
T. 
T. 
F. 
F. 


225 
225 

225 


225 
225 


225 

225 
225 


5.  Handy. 

6.  Metal  and  insulating  material. 

7.  Boxes  are  galvanized,  enanieled,  or  coated  with  other 
corrosion-resistant  material. 

8.  With  nonmetallic  wiring  methods,  such  as  nonmetallic  sheathed 
cable  or  rigid  nonmetallic  conduit. 

9.  A  prepunched  disk  that  can  be  knocked  out  easily  so  that 
conduit  or  cable  connectors  can  be  installed. 

10.  A  prepunched  slotted  piece,  that  can  be  twisted  out  with  a 
screwdriver.  They  arc  punched  in  boxes  with  built-in  cable 
clamps. 

''Ml)e. 

(2)  d, 

(3)  e, 

(4)  b. 

(5)  b. 

(6)  c, 

(7)  d, 

(8)  e. 

-12.  By  use  of  a  fixture  stud. 

'13.  Conduit  can  be  connected  to  the  sides  of  the  boxes  as  well  as  to 
the  back. 

-  14,  A  pull  box  is  used  to  allow  conductors  to  be  pulled  through 

conduit  to  an  intermediate  point  in  the  circuit  and  then  to  the  end 
point  without  having  to  be  cut  and  spliced. 
'  15.  A  square  box. 

-  16.  Ganging  means  to  remove  one  side  from  two  device  boxes  and 

then  fasten  them  together  by  means  of  the  side  retaining  screws 
to  form  a  large  box  to  mount  two  devices  side  by  side. 
-17.  They  may  be  used  as  junction  boxes  or  for  switches  or 
receptacles  in  concealed  wiring. 

-  18.  A  round  box. 

-  19.  An  extension  ring  looks  similar  to  a  box  without  a  closed  back. 

It  has  a  narrow  flange  that  provides  a  seat  for  nK>unting  the 
extension  to  a  box. 


225  "  20.  To  increase  box  capacity,  to  bring  the  edge  of  a  box  out  flush 
with  the  \v8ll  suiface  when  a  box  has  been  mounted  too  deep, 
and  ;o  extend  the  edge  of  an  old  box  beyond  the  surface  of  a 
wall  to  permit  the  addition  of  surface  wiring. 

225  21.  By  using  rings  designed  to  extend  existing  boxes  flush  to  the 
new  wall.  They  arc  held  in  place  by  long  screws  run  through  the 
devices  and  rings,  and  screwed  into  the  original  box  mounting 
holes. 
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5.  T. 
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227  -  1. 

(Da. 

(2)  h. 

(3)  b. 

(4)  c. 

(5)  d. 

(6)  e. 

(7)  i. 

(8)  j. 

(9)  f. 

(10)  g. 

228  -  1.    To  connect  and  disconnect  electrical  circuits  or  components 

from  the  power  source. 
228  -  2.    Two  three-way  switches. 

228  -  3.    Two  three-way  switches  and  one  or  more  4-way  switches, 

depending  on  the  number  of  switching  locations  required. 
228  -  4.  Three. 

228  -  5.    In  a  switchbox  with  the  toggle  pointed  up  when  the  switch  is  on 

and  covered  with  a  switchplate. 
228  -  6.    Switches   are   rated  according   to  voltage  and  amperage 

capacities. 
228  -  7.  Four. 

228  -  8.    All  conductors  at  the  same  time. 
228  -  9.  SWD. 

228  -  10.  6  1/2  feet. 

229  -  1 .    A  receptacle  is  a  contact  device  installed  at  the  outlet  box  for 
connecting  and  disconnecting  appliances,  tools,  etc. 

2.  Attachment  plug. 

3.  A  heavy-duty  receptacle  is  ordered  for  a  specific  voltage, 
amperage,  and  number  of  contact  pins  required. 

^'  (l)d. 

(2)  c. 

(3)  a, 

(4)  e. 

(5)  e. 

230  -  ! .    Light  fixtures  are  classified  according  to  the  way  they  distribute 

light. 

230  -  2.    Direct,  semidirect,  general  diffuse,  semi-indirect,  and  indirect. 
230  -  3.    10-40  percent. 
230  -  4.    10-40  peicent. 

230  -  5.  Indirect. 
130  -  6.  Indirect. 

231  -  1.  The  incandescent  lamp. 
231  -  2.  The  incandescent  lamp. 
23!  -  3.    Mogul  socket. 

231  -  4,    The  medium  socket. 

231  -  5.    The  candelabra  and  intermediate  sockets. 

231  -  6.    At  least  an  80-watt  incandescent  lamp. 
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232 


When  the  ballast  is  energized,  an  electrical  discharge  varporizes 
the  mercury  in  the  tube  to  produce  ultraviolet  rays.  The  rays 
activate  the  fluorescent  chemicals  on  the  inside  of  the  tube 
causing  them  to  glow  and  produce  light. 

Efforts  to  improve  power  efficiency  and  reduce  maintenance 
costs. 

Due  to  a  negative  resistance  characteristic.  . 
L.amp  life  and  more  light  per  watt. 

One  main  electrode  is  the  anode  and  the  other  electrode  is  the 
catiiode.  As  the  voltage  changes  polarity  in  the  circuit,  so  do  the 
electrodes  change  polarity. 
2400  hours. 
Mercury. 

Metal  halidc  and  high -pressure  sodium. 

Ballasts  may  be  mounted  in  the  fixtures,  centrally  located  or 
built  into  the  lamp  envelope. 

The  type  of  mounting  required,  the  type  of  lighting  desired 
(diffused  or  bright),  bulb  position,  installation,  and  adequate 
cooling. 

10.  Normally   nothing;    HID   lamps   require   less   power  than 
incandescent  systems. 


CHAPTER  4 

233  -  I.  Primarily  lighting  with  some  motor  operation,  fairly  heavy 
lighting  with  moderate  requirement  for  power  equipment,  and 
mostly  power  equipment  with  a  small  lighting  load. 

233  -  2.    Two-wire,  single-phase  system. 

233  -  3.    A  three  w? re,  single-phase  system. 

233  -  4.    Three-phase,  three-wire. 

233  -  5.    A  three-phase,  four-wire  system. 

233  -  6.  Because  the  voltage  from  the  third-phase  conductor  to  the 
neutral  is  much  higher  than  120  volts  and  would  bum  out  any 
lights  attached  to  it. 

233  —  7.   The  wild  leg  will  be  color  coded  orange  whenever  it  is  in  the 

same  tnclosure  as  the  neutral.  The  phase  relationship  on 
panelboards  will  always  have  the  wild  leg  in  the  center,  or  '*B** 
position. 

234  —  I.    The  service  drop  consists  of  two,  three,  or  four  conductors,  and 

fittings  cr  insulators  for  attaching  the  conductors  to  the 
building.  The  conductors  serve  to  bring  the  power  to  the 
building  from  the  distribution  system.  The  fittings  provide 
insulated  anchorage  for  the  conductors. 

234  -  2.    10  feet. 

234  -  3.    18  feet. 

234  -  4.    At  least  3  feet. 

234  —  5.  Conductors,  service  head,  raceway,  meter  socket,  service 
disconnect,  overcurrent  protector,  panelboard,  grounding 
electrode  and  conductor,  and  bonding  jumper. 

234  -  6.  To  bring  power  from  the  service  drop  into  the  building  to  a 
panelboard. 

234  -  7.    To  protect  the  conductors  from  physical  and  weather  damage. 

234  -  8.  The  service  head  provides  an  entrance  for  conductors  into  a 
raceway  and  prevents  rain  from  entering  the  raceway.  Bushings 
in  the  conductor-entry  holes  reduce  insulation  abrasion. 

234  -  9.  The  end  of  the  service  entrance  cable  is  bent  to  form  a 
gooseneck  to  keep  rain  out  and  the  gooseneck  is  taped  and 
painted  or  taped  with  self-  sealing,  weather-resistant 
thermoplastic. 

234  -  10.  A  meter  socket  is  put  in  the  service  entrance  in  which  a 
wattmeter  is  installed  to  record  the  power  used. 

234  -  11.  The  service  entrance  disconnects  consist  of  a  combination  of 
switches  and  overcurrent  protective  devices.  The  switches  are 
connected  so  that  the  entire  mterior  wiring  can  be  disconnected 
from  the  exterior  power  supply,  and  the  overcurrent  devices 
protect  the  service  conductors. 

234  -  12.  Knife-blade  switch,  fuse  block,  disconnect,  multipole-  breaker 
assembly  and  single-pole  switches  or  circuit  breakers  (not  to 
exceed  six). 

234—  13.  Manual  opening. 

234  -  14.  At  a  panelboard. 

234  -  15.  It  must  be  attached  so  it  can  be  disconnected,  such  as  with 

pressure  ccnnectors. 
234  -  16.  The  building  water  supply. 


234  -  17.  Within  an  electrically  continuous  protective  metal  covering. 

234  -  18.  They  are  b^mded  together  electrically. 

235  -  1 .    The  size  of  the  service-entrance  conductors. 

235  -  2.    On  the  number  of  square  feet,  and  the  buildings  intended  use. 

235  -  3.    100  amperes. 

235  -  4.    The  National  Electrical  Code. 

235  -  5.    The  service  mast  is  made  from  a  continuous  length  of  conduit. 

It  generally  passes  through  the  roof  and  is  brought  down 
between  the  wall  studs  or  outside  the  wall.  It  must  be  (irmly 
anchored  with  pipe  clamps  or  other  approved  fittings  and  have 
roof  flashing  with  neoprene  seal  installed  to  prevent  water 
leakage.  A  weatherhead  is  installed  at  the  top  of  the  mast  and 
fittings  are  attached  to  the  bottom  for  mounting  a  meter  base 
and'or  the  service  disconnect. 

235  -  6.  The  service  di.«connect  is  generally  a  surface-  mount  unit 
installed  on  the  inside  wall  directly  behind  the  sen/ice  entrance 
conduit.  The  conduit  may  enter  the  box  from  the  back  or  top. 
Remove  the  proper  knockout  plug  for  entry  of  the  conduit.  The 
box  is  secured  to  the  wall  by  screws  or  anchors.  A  grounding 
bushing  is  installed  on  the  end  of  the  conduit  after  it  is  attached 
to  the  box. 

235  -  7.    When  the  service  entrance  includes  a  meter. 
235  -  8.    24  inches. 

235  -  9.  To  prevent  water  from  running  down  the  service  conductors 
into  the  weatherhead  when  it  rains. 

235  -  10.  Special  connectors  must  be  used  to  splice  aluminum  and  copper 
conductors.  These  connectors  prevent  electrolytic  corrosion 
from  occurring  between  the  copper  and  aluminum. 

235  -  II.  By  pressure-type  terminals. 

235  -  12.  A  service-entrance  cable  has  the  insulated  conductors  wrap|\.'d 
with  the  stranded  neutral  conductor,  which  provides  some 
protection  against  physical  damage  and  adds  some  stiffness.  A 
moisture-seai  tape  is  applied  over  the  neutral  conductor,  and  the 
entire  cable  is  covered  with  a  fiame-retaidant  and  moisture- 
resistant  cover. 

235  -  13.  The  end  of  the  service-entrance  cable  is  formed  into  a 
gooseneck  which  is  then  taped  and  painted  or  toped  with  a  self- 
sealing,  weather-resistant  thermoplastic. 

235  -  14.  A  cable  clamp  must  be  applied  within  12  inches  of  the 
weatherhead,  gooseneck,  or  connection  to  a  raceway  and  added 
clamps  are  required  at  points  not  more  than  4  1/2  feet  apart. 

235  -  15.  A  hole  appropriate  to  the  cable  size  is  drilled  through  the  wall. 

If  the  grounding  electrode  conductor  comes  out  the  entry  hole, 
added  space  must  be  allowed.  When  the  cable  is  inserted 
through  the  wall,  a  wallplate  with  either  a  soft  rubber  gasket  or 
nonhardening  sealing  compound  is  screwed  to  the  wall. 

236  -  I.    Service  lateral. 

236  -  2.  To  an  overhead  distribution  system,  to  an  underground 
secondary  main,  or  to  a  transformer  connected  to  an 
underground  main. 

236  -  3.    It  may  be  installed  in  rigid  conduit,  either  metal  or  nonmetallic, 

or  with  underground  service  entrance  cable. 
236  -  4.    When  the  meter  is  to  be  part  of  the  system,  the  wiring  method  is 

changed,  or  multiple  disconnects  are  used. 
236  -  5.    At  the  point  of  entry  to  the  building. 
236  -  6.    At  least  18  inches. 

236  -  7.    The  cable  must  be  protected  by  an  approved  entrance  or 

raceway  from  the  point  of  entrance  to  below  the  ground  line  and 
beyond  the  walls  of  the  building. 

237  -  I.  One. 

237  -  2.  Lightinc  and  appliance  panels,  power  panels,  and  feeder 
panels. 

237  -  3.  A  lighting  and  appliance  panelboard  is  one  that  has  more  than 
10  percent  of  its  overcurrent  devices  rated  30  amperes  or  less 
and  has* provisions  for  neutral  connectio  ns. 

237  -  4.  A  .power  panelboard  is  used  m  provide  power  to  electrical 
equipment,  normally  at  7-^0/480  volts. 

237  -  5.    Feeder  panelbo: 

237  -  6.    This  allows  b.  aiich  circuits  in  the  areas  where  they  are  most 

useful,  with  an  overall  savings  in  material. 
237  -  7.    It  must  show  the  voltage,  current  rating,  number  of  phases,  and 

the  manufacturer's  name  or  trademark. 
237  -  8.    It  must  be  protected  on  the  supply  side  by  not  more  than  two 
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main  circuit  breakers  on  two  sets  of  main  fuses  having  a 
combined  rating  no  greater  than  that  of  the  panelboard. 
237  -  9.    A  terminal  bar  must  be  providtd  for  attachment  of  feeder  fi^nd 
branch  circuit  equipment-grounding  conductors.  This  terminal 
bar  must  also  be  bonded  to  the  cabinet. 
10.  It  should  have  an  orange  outer  finish  or  be  tagged  clearly. 
11. 
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On  the  ampacity  of  the  panel* s  bus  bars. 

12.  Three  bus  bars. 

13.  A  dead  front  fuse  panel  is  one  that  has  no  live  parts  exposed 
when  the  door  is  open.  The  cover  must  be  removed  to  gain 
access  to  the  interior  parts. 

237  -  14.  Plug  fuse,  cartridge  fuse,  and  knife-blade  fuse. 

237  -  15.  An  Edison  fuse  panel  can  be  installed  only  when  it  is  modified 

by  inserting  adapters  in  the  fuse  holders  to  accept  type  S  plug 

fuses. 

237  -  16.  When  an  overload  occurs  and  trips  the  circuit  breaker,  the 
breaker  can  be  reset  to  restore  the  circuit  without  having  to 
remove  and  replace  it. 

237  -  17.  Circua  breakers  can  be  reset  after  being  tripped,  while  a  blown 

fuse  must  be  removed  and  replaced.  Circuit  breakers  caa  also 
be  used  as  a  switch  to  shut  off  the  circuit. 

238  -  1 .    The  panelboard  to  be  installed  is  determined  by  the  size  of  the 

building  and  the  equipment  to  be  used  in  it. 
238  -  2.    To  provide  for  future  expansion. 

238  -  3.    Exposed    wiring   uses   a    surface-mounted   cabinet  while 

concealed  wiring  needs  a  flush-mounted  cabinet. 
238  -  4.    A  1/4-inch  airspace  must  be  provided. 

238  -  5.  The  cabinet  may  be  recessed  in  the  wall  with  the  front  edge  up 
to  1/4  inch  f?om  the  finished  surface.  The  c::binet  is  attached  to 
the  wall  with  hollow  wall  fasteners  or  masonary  anchors. 

238  -  6.  The  hole  must  be  closed  with  p  plug  or  plate  to  provide 
protection  similar  to  that  provided  Dy  the  original  cabinet  walls. 

238  -  7.    By  use  of  insulated  busings  on  the  end  of  the  conduit. 

238  -  8.  Conductor  ends  should  be  cut  at  least  long  enough  to  allow  any 
conductor  to  be  connected  at  any  point  in  the  cabinet. 

238  -  9.  By  use  of  a  bonding  jumper  between  the  bar  and  the  cabinet  or 
by  turning  a  screw  through  the  bar  into  the  cabinet. 

238  -  10.  When  the  panelboard  is  used  as  service  equipment. 

238  -  11.  They  are  looped  around  a  screw-type  teiminal  (terminal  loop). 

238  -  12.  A  terminal  lug. 

238  -  13.  Large    conductors,    neutral    conductors,    and  equipment 

grounding  conductors. 
238  -*  14.  Conductors  are  run  beside  the  panelboard  and  then  looped  back 

180^  befor:  being  connected  to  their  fuses  or  circuit  breakers. 
238  -  15.  The  breaker. 

238  -  16.  The  arrangenvrnt  of  the  bus  bars  in  the  panelboard,  whether 
circuits  are  240  volts  or  120  volts,  and  the  need  to  balance  the 
load. 

238  -  17.  Split  bus. 

238  -  18.  Any  two  adjacent  120-volt  circuits  being  connected  to  different 

phase  conductor(s). 
238  -  19.  Lx)ad  balancing  is  the  process  of  equalizing  the  load  on  the 

phase  conductors. 

238  -  20.  To  prevent  voltage  drop  from  overloading  one  side  of  the 
incoming  service  and  to  prevent  the  possibility  of  overloading 
the  neutral. 

238  -  21 .  The  neutral  load  is  the  difference  of  A  phase  and  B  phase  or  36 
amperes. 

238  -  22.  The  A  phase  amperes  equals  75  ±  15  amperes. 

239  -  1 .    Edison  base  and  type  S. 

239  -  2.    Edison-base  plug  fuses  cannot  exceed  30  amperes  at  125  volts 

and  can  be  used  as  replacements  only. 
239  -  3.    Type  S  fuses  are  rated  from  0-15  amperes,  16-20  amperes,  and 

21-30  amperes. 
239-4.    60  amperes. 
239  -  5.    It  is  too  large  for  the  fuse  clips. 
239-6.   The  fuse. 

239  -  7.  It  contains  a  bimetallic  strip  that  expands  and  moves  when 
heated.  Current  flow  causes  heat  when  an  overload  occurs.  The 
heat  developed  expands  the  bimetallic  strip  until  it  trips  the 
latch,  opening  the  contact  points,  thereby  interrupting  the 
circuit. 

239  -  8.    By  use  of  an  electromagnet. 


239  -  9.  It  opens  the  circuit  instantaneously  when  there  is  an  excess  of 
current  flow. 

239  -  10  A  GFCl  (ground  fault  circuit  interrupter)  is  used  as  extra 
protection  on  circuits  where  the  potential  of  having  a  ground 
though  the  user  is  higher. 

239  -  11.  All  120-volt,  single-phase,  15  and  20-ampere  receptacles  in 

bathrooms,  garages,  and  outdoors. 

240  -  1 .    The  purpose  is  to  reduce  the  electrical  potential  to  zero,  thereby 

reducing  the  probability  of  tire  or  electrical  shock. 
240  -  2.    System  and  equipment  grounding. 

240  -  3.  The  high  voltage  on  the  system  could  break  down  the  insulaiion 
and  cause  a  fire  or  remain  on  the  system  line,  producing  a 
serious  shock  hazard. 

240  -  4.  Grounding  conductor  size  is  based  on  the  size  of  the  service 
entrance  conductors. 

240  -  5.    No.  8. 

240  -  6.    Noncurrent  carrying  metal  conduit  or  other  raceways,  outlet 

boxes,   switch   and  panelboard  inclosures,   and  electrical 

equipment  with  exposed  metal  parts. 
240  -  7.    To  reduce  the  possibility  of  shock  or  injury  to  per.^Ift  if  a  live 

conductor  contacts  noncurrent-  cviying  metal  parts  cf  an 

electrical  system. 
240  -  8.    Bonding  jumpers. 

240  -  9.    Bonding  jumper  size  for  equipment  grounding  is  based  on  the 

size  of  the  equipment-grounding  conductors. 

241-1.  An  underground  water  pipe  that  has  direct  contact  with  the 
earth. 

241  -  2.    Bonding  jumpers  must  be  installed. 

241  -  3.  The  water  pipe  must  be  supplemented  with  at  least  one  added 
electrode  in  the  form  of  another  piping  system,  grounded  metal 
frame  of  the  building,  reinforcing  bar  in  the  foundation,  buried 
copper  conductor,  or  a  made  electrode.  The  two  electrodes  must 
be  connected  together  electrically  to  equalize  ground  potential. 

241  -  4.  One  or  more  of  the  following  things  can  be  used  as  a  grounding 
electrode:  metal  underground  gas  piping  system,  if  its  use  is 
permitted  by  the  gas  supplier;  metal  underground  system  or 
structures  such  as  a  heating  system  or  tank;  or  a  made  electrode. 

241  -  5.    Galvanized  steel  pipe  or  conduit  at  least  3/4  inch  in  i'*^meter. 

Steel  rods  5/8  inch  in  diameter  or  nonfenx)us  rods  W2  inch  in 
diameter.  Pipe  and  rod  electrodes  must  be  8  feet  or  longer  in 
length.  Metal  plates  with  a  minimum  of  2  square  feet  exposed 
to  earth.  Steel  plates  need  to  be  1/4  inch  thick  and  nonferrous 
plates  at  least  .06  inch  thick. 

241  -  6.  The  electrode  will  be  buried  in  a  trench  dug  to  below  permanent 
moisture  level  and  must  be  at  least  8  feet  long. 

241  -  7.    They  may  be  from  copper  or  other  noncorrosive  metal. 

241  -  8.  Resistance. 

241-9.  A  fairly  accurate  check  of  resistance  can  be  made  with  an 
ohmmeter  connected  between  the  electrodes  so  a  reading  of  the 
resistance  can  be  taken.  When  only  a  single  made  electrode  is  to 
be  checked,  drive  a  second  ground  6  feet  from  the  made 
electrode  and  take  an  ohmmeter  reading  between  them.  The 
resistance  between  the  electrodes  and  the  earth  must  be  25  ohms 
or  less. 

241  -  10.  One  or  more  electrodes  must  be  added  at  a  distance  of  6  feet  or 
moTt  to  bring  the  resistance  down  to  25  ohms  or  less. 

241  -  11.  The  grounding  bus  bar  in  the  service  equipment. 

241  -  12.  The  grounding  electrode  conductor  may  be  copper,  aluminum, 
or  copper-clad  aluminum;  resistant  to  corrosion;  may  be  solid  or 
strand  1^;  can  be  insulated,  covered,  or  bare;  and  must  not  have 
any  joints  or  splices. 

21  -  13.  The  grounding  electrode  conductor  must  have  a  protective 
covering  such  as  conduit  or  cable  armor  if  it  is  smaller  than  No. 
6.  A  No.  6  conductor  can  be  installed  without  a  protective 
covering  if  it  is  fastened  rigidly  to  the  construction  and  is  not 
subject  to  damage.  No.  4  and  larger  conductors  do  not  need 
protection  unless  subject  to  severe  damage.  The  conductor  must 
be  firmly  anchored  to  the  grounding  electrode,  usually  by  a 
clamp  assembly. 

241  -  14.  The  covering  must  be  bonded  to  the  conductor  whenever  the 

break  in  the  covering  occurs. 
241  -  15.  A  copper  conductor. 
241  -  16.  A  copper  conductor. 
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-  :7.  That  is  to  be  electrically  continuous  from  the  equipment  to  the 
equipment-groundiug  bus  bar  and,  eventually,  to  the  grounding 
bus  bar  in  the  se.-vice  equipment. 
Separate  conductors. 

An  equipment  gitJund  made  from  a  black  insulated  conductor 
should  be  stripped  bare  at  every  accessible  joint  or  the  exposed 
covering  should  be  colored  green  or  have  green  colored  tape  or 
adhesive  labels  applied. 

A  branch  circuit  is  one  installed  between  the  final  overcurrcnt 
device  and  the  ouL^ets  for  connecting  electrically  operated 
equipment. 

A  feeder  circuit  is  installed  between  the  service  equipment  and 
the  prnel  board. 

Branch  circuits. 

Subfeeders  serve  the  same  purpose  as  feeders  except  they 
deliver  power  from  a  Tceder-fcd  panelboard  to  branch-circuit 
panelboards. 

Feeders  reduce  the  voltage  loss  in  the  conductors  and  save 
material  and  labor. 

Circuits  should  be  installed  in  order  to  keep  troubles  and 
hazards  at  a  minimum  consistent  with  existing  conditions. 
With  nonmetallic  cable. 

Metal  raceways,  rigid  nonmetallic  raceways,  and  csble  trays. 
All  the  involved  conductors  must  be  put  in  the  same  raceway. 
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Figure  1 .  Answer  for  objective  245,  exercise  1 
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CHAPTER  5 

A  blueprint  is  a  set  of  instructions  on  how  to  construct  a 
building.  It  is  a  reproduction  of  a  set  of  working  drawings. 
The  plot  plan,  exterior  elevation,  interior  elevation,  floor  plan, 
and  sectional  or  detail  drawing3. 

The  location  of  the  service  drop  or  service  lateral,  and  where  it 
is  to  be  connected. 

The  exterior  elevation  shows  views  of  finished  exterior  walls 

along  with  finished  gradelines  and  floorlines. 

The  interior  ■  elevations  show  where  counters,  sinks,  and 

cupboards  are  going  to  go  in  kitchens  and  bathrooms,  which 

helps  in  determining  where  to  put  switches  and  receptacles. 

Roor  plan. 

16  feet 

(a)  4. 

(b)  8. 

(c)  5. 

(d)  7. 

(e)  13. 
(0  12. 

(g)  3. 

(h)  1. 

(i)  2. 
0)  10. 
(k)6. 
0)11. 
(m)9. 

F.  There  are  four  basic  types  of  electrical  diagrams:  the  one- 
line,  block,  schematic,  and  wiring  diagram. 
T. 
T. 
T. 

F.  rhe  wiring  and  connection  diagram  both  show  relative 
position  of  the  components  and  all  the  circuit  connections. 
F.  The  schematic  diagram  is  laid  out  so  that  the  components  arc 
in  line  to  make  it  easy  to  trace  the  operation. 
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750  square  feet. 

2250  watts. 

Two  lighting  circuits. 

a.  General  lighting    two  250  watts,  split  on  2  circuits. 

b.  Laundry  at  1500  watts. 

c.  Small  appliance,  1500  watts,  two  e:\ch. 

d.  Heater  8.000  watts. 
14,750  watts. 

Number  4  AWG  conductors. 
70  amperes. 

20  X  1 .7A  «  34A  amp;  34A  x  |20V  =  4,080  watts. 

5,300W  +  (25  perx:entof  5,300W)  =  6,625  watts. 

A  20-amp  circuit  breaker  can  carry  5,540  watts  on  277  volts. 

The  lighting  load  is  normally  continuous  rated  so  the  20-amp 

circuit  breaker  will  only  be  rated  at  80  percent  of  5,540W  or 

4,432W.  We  would  use  the  next  size  circuit  breaker  being  25 

amps. 

One  lampholder  is  rated  600  VA  or  2.16A.  14  lampholders 
would  draw  30.24  amps  total.  Multiply  30.24A  x  277V  = 
8,376  watts. 

3200  divided  by  120V  =  26.6  amps.  Figure  5-9  shows  #10 
TW  copper  conductors  will  carry  30  amps. 

4.9  amperes. 

4.9  X  150  percent  or  7.35  amperes. 
TW. 

#12  AWG  conductors  are  the  smallest  conductors  allowed  for 
general  wiring. 
Panel  B-2. 

34  amps. 

35A  X  1 .25  =  43.75.  Nunibcr  6  TW  will  carry  55  amps. 
Number  8  TW  will  carry  40  amps,  3/4-inch  conduit  will  hold 
four  number  8  TW  conductors. 

200  percent  of  FLC  or  200  percent  of  llA  =  22  amps.  The 
breaker  should  be  a  20  amp  inverse  time  breaker. 
70  amps.  . 

800  amps. 
400  MOM. 

48  amps  (7.0  percent  of  240  amps). 

500-MCM-typc  TW  conductors,  parallel  in  two  sers  of  3'/2 
conduits,  connected  to  a  5(X)>amp  breaker. 
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CHAPTER  6 

To  p;*vent  the  buildup  of  heal  in  a  tnix. 

By  multiplying  the  length  times  the  width  times  the  depth. 

It  is  triple  that  of  a  single  box. 

By  consulting  the  table  for  metal  boxes  in  the  NEC. 

You  can  remove  one  side  of  the  box  and  install  a  space 

expander  to  replace  the  side. 

You  determine  the  free  airspace  requirements  for  each 
conductor  by  consulting  the  "Volume  Requirements  for  Each 
Conductor'*  table  and  then  get  the  box  size  by  adding  up  the 
space  .^uirements  of  all  the  installed  conductors  and  hardware. 
The  equivalent  number  of  conductors  is  four.  (Two 
conductors,  one  equipment  ground,  and  one  device).  No.  10 
conductors  require  2y2-cubic-  inch  space  each:  4  x  2'/2  =  10 
cubic  inches. 

The  side  of  the  boxes  must  be  removed  before  screws  can  be 
used  to  mount  them. 

Nails  are  placed  through  the  holes  neru*  the  bottom  (or  back)  of 

the  box.  and  are  driven  into  the  -stud  after  the  box  has  been 

positioned  to  project  from  the  stud  to  allow  for  the  sheetroc^. 

using  the  depth  markings  on  the  box  as  a  guide. 

An  S  bracket  mount. 

Where  stud  spacing  is  less  than  normal. 

A  D  bracket  is  nailed  to  the  side  of  the  stud,  while  an  A  bracket 
is  nailed  to  both  the  face  and  the  side  of  the  stud . 
You  select  the  box  according  to  the  wall  material  to  be  used. 
The  bracket  is  placed  over  the  face  of  the  stud  and  the  spurs  are 
driven  into  hold  the  box  in  place  while  the  retaining  nails  are 
driven  in  place. 

The  B  bracket  extends  beyond  the  edge  of  the  box  enough  to 
allow  space  for  the  device  cover  and  screws  to  prevent  bulging 
the  sheetrock. 

By  using  a  box  with  an  extended  B  bracket  to  provide  the 
needed  space. 
AJ  bracket. 

The  FH  bracket  has  two  barbed  hooks  that  are  driven  into  the 
face  of  the  stud  before  the  bracket  is  nailed  to  the  side  of  the 
stud;  the  FA  bracket  is  nailed  only  to  the  side  of  the  stud. 
When  the  box  is  being  mounted  next  to  a  door,  to  provide  lor 
clearance  between  the  door  trim  and  the  switch  plate. 
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An  easy  way  is  with  a  spring  clip.  The  clip  is  tapped  onto  the 
open  edge  of  the  box.  The  box  and  clip  are  then  tipped  so  that 
the  upper  prong  slips  behind  the  fac3  of  the  stud.  The  lower 
prong  of  t!ie  clip  is  pressed  back  with  the  thumb  until  it  slips 
behind  the  stud  face  and  locks  the  box  in  place.  They  can  slso 
be  attached  with  sheet  metal  screws  or  machine  bolts  anU  nuts. 
Release  the  spring  tension  on  the  stud  and  move  the  box  to  the 
proper  height. 

Box  hangers,  metal  straps,  made  metal  straps,  or  wooden 
strips. 

By  installing  a  fixture  stud  or  a  clan^)  through  the  knockout  in 
the  bottom  of  the  box. 

Box  hangers  are  adjustable  so  that  the  length  is  adjusted  to  the 
space  as  needed. 

A  piece  of  1"  x  4"  lumber  is  cut  to  reach  between  the  joists.  It  is 
nailed  to  the  joists  at  a  level  that  allows  for  the  depth  of  the  box 
plus  the  thickness  of  the  ceiling  material. 

No  specific  height  :.*equirements  exist.  Boxes  are  mounted  at  a 
height  that  meets  t}.e  needs  for  which  they  are  being  installed. 


253  -  21.  Tney  arc  hard  to  use  and  may  be  hazardous  when  floors  are 
being  mopped. 

253  -  22.  Twelve  inches  from  the  floorlinc  to  the  center  of  the  box. 

253  -  23.  Marked  hammer  handle,  rule,  or  notched  stick. 

253  -  24.  A  lumber  crayon,  carpenter's  pencil,  or  felt-tip  marker  is  used 
to  show  where  boxes  are  to  be  mounted.  The  location  of  each 
box  is  marked  with  an  arrowhead  on  the  face  of  the  stud  or  other 
framing  member.  The  point  of  the  arrow  shows  where  the 
center  box  is  to  be  mounted.  The  type  of  device  to  be  instnlled 
can  be  j^hown  with  symbols,  such  as  XX  for  duplex  receptacle. 
SS  for  two  single-pole  switches.  S3  for  a  ihree-way  switch,  or 
XR  for  a  range  outlet. 

-  25.  Most  switches  and  outlet  boxes  in  laundr>'  and  utility  rooms  and 
garages. 

-  26.  Usually  when  some  type  of  wainscoting  or  paneling  4  feet  high 
is  to  be  used  to  finish  the  wall . 

27.  Forty-four  inches. 

28.  Find  and  mark  the  halfway  point  across  one  dimension  of  the 
room  near  the  center.  Make  a  similar  measurement  on  the  other 
side  of  the  center  and  mark  the  halfway  point.  Connect  the  two 
marks  with  a  line.  Measure  the  other  dimension  of  the  room 
and  mark  the  center  on  the  preceding  line.  This  point  is  the 
location  for  the  ceiling  light. 

29.  Run  diagonals  wilh  string  from  opposite  comers  of  the  room. 
The  point  of  intersection  is  the  center  of  the  room  and  the  place 
for  the  box. 

253  -  30.  Measure  half  the  length  of  the  room  along  each  wall  and  then 
turn  diagonals  with  string  for  each  half.  The  intersection  of  the 
diagonals  is  the  place  for  the  light  boxes. 
31 .  The  space  between  lights  equals  25  divided  by  3.  which  is  8  1/3 
feet  or  8  feet  4  inches.  The  space  from  the  wall  to  the  end  lights 
is  8  feet  4  inches  divided  by  2.  or  4  feet  2  inches. 
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NonmetaMic  sheathed  cable  consists  of  two  or  three  insulated 

conductors  in  an  outer  sheath  of  thermoplastic  or  treated  braid. 

It  may  have  an  added  bare  or  insulated  conductor  to  be  used  as 

an  equipment  ground. 

It  is  flame  retardant  and  moisture  resistant. 

Conductors    may   be    copper,    aluminum,    or  copper-clad 

aluminum.  Copper  conductors  range  in  size  from  No.  14  to  No. 

2  AWG  and  aluminum  and  coppcr-clad  aluminum  from  No.  12 

to  No.  2  AWG. 

Manufacturer's  name  or  trademark,  maximum  working  voltage, 
wire  size  and  number  of  conductors,  wiiether  it  has  a  ground, 
and  the  cable  type. 

In  addition  to  being  flame  retardant  and  moisture  resistant,  type 
NMC  cable  is  fungus  resistant  and  corrosion  resistant. 
One-  and  two-family  dwellings  and  other  structures  that  are  no 
more  than  three  floors  above  grade. 

It  may  be  installed  in  either  exposed  or  concealed  work  in 
usually  dry  locations  (air  voids  in  masonry  block  or  internal  tile 
walls)  or  in  areas  that  are  not  subject  to  excessive  moisture  or 
dampness. 

In  the  same  places  as  type  NM  cable,  plus  moist,  damp,  and 
corrosive  locations.  These  locations  include  outside  masonry 
block  and  tile  walls. 


255  -  1.  The  National  Electrical  Code  and  the  electrician's  experience. 

255  -  2.  A  straight  line  is  the  shortest  distance  between  tv/o  points. 

255  -  3.  Overhead,  spread  out  across  the  ceiling  area. 
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b.  F.  Cable  must  be  anchored  at  intervals  no  greater  than  4Vi  256 
feet.  256 

c.  F.  Concealed  cable  is  usually  fastened  with  staples .  256 

d.  F.  On  every  second,  or  on  each  joist,  depending  on 
distance. 

e.  T.  256 

f.  F.  Within  6  feet.  256 

g.  F.  Only  cable  within  7  feet  of  the  floor  or  floor  joists. 

h.  T. 

i.  T. 
j.  T. 

255  -  5.  To  follow  the  vdrfacc  of  the  building  fiiush  or  be  installed  on 
nimiing  boards. 

6.  To  the  side  of  the  stud. 

7.  Witn  cable  straps. 

8.  A  round  cable  strap  is  used  for  a  cable  with  three  No.  8 
conductors  while  an  oval  cable  strap  is  used  for  one  with  twc 
No.  12  conductors. 

9.  Not  less  than  nve  times  the  cable's  diameter. 

10.  Cable  must  be  protected  to  at  least  6  inches  above  floor  level  by 
rigid  or  intermediate  metal  conduit  or  pipe. 

1 1 .  It  .>houId  be  protected  v/'nh  conduit,  pipe,  or  guard  strips. 

12.  Concealed  wiring  is  wiring  installed  between  fioors  and  ceilings 
of  multistory  buildings,  in  the  ceilings  of  finished  basements, 
and  in  the  walls  of  buildings.  It  is  not  visible  or  easily 
accessible  after  the  building  is  finished. 

1 3.  Dored  holes  or  notches. 

14.  From  5/8  inch  to  3/4  inch  in  diameter. 

15.  Holes  on  an  angle  in  studs  do  not  provide  a  minimum  side 
protection  of  1  1  'nches  for  the  cable,  thereby  requiring  use  of 
metal  sleeves  or  ves. 

255  -  ^6.  Cable  is  installed  in  metal  studs  through  holes  or  slots  cut, 
punched,  or  dniled  at  the  factory  or  in  the  field.  Bushings  or 
grommets  must  be  used  to  protect  the  cable  covering  unless  the        256  - 
holes  are  formed  so  that  the  cable  cover  will  not  be  cut  or  torn.        256  ^ 
A  steel  sleeve  or  plate  must  be  used  to  protect  the  cable  if  it        256  - 
might  be  punctured  or  cut  by  a  nail  or  screw. 

255  -  17.  The  location  of  o:.(let  boxes  are  marked,  the  boxes  nnounted  in 
place,  and  the  holes  bored  or  notches  cut  in  framing  members. 

255  ~  18.  Cable  used  for  branch  circuits  is  usually  12/2  with  ground  and 
comes  as  a  250-foot  coil  in  a  caiton. 

255  -  19.  The  end  of  the  cable  is  grasped  through  the  hole  in  the  top  of  the 
caiton  and  pulled  out.  Sin^e  the  cable  coines  out  as  a  spiral,  it 
must  be  uncoiled  before  use. 

255  ~  20.  It  develops  sharp  kinks  that  damage  the  insulation  and  prevent 
its  being  pulled  through  bored  holes. 

235  -  21.  Start  by  stripping  6  inches  of  the  outside  covering  from  the 
cable  end.  Remove  one  of  the  box  priouts  and  insert  the  cable 
end  through  the  hole  and  under  the  clamp  until  a  quarter-inch  of 
the  cable  cover  extends  through  the  clamp.  Tighten  the  clamp  to 
hold  cable  firmly  in  place. 

255  ~  22.  This  amount  of  conductor  is  needed  to  make  splices  or  to  attach        258  -  I . 
devices  or  fixtures  easily. 

255  -  23.  A  knockout  must  be  removed  from  the  box  and  a  cable  258  • 
connector  instiled  to  provide  a  means  of  anchoring  the  cable  to  258  - 
the  box. 

255  -  24.  Punch  the  hole  out  of  the  box,  strip  6  inches  of  the  cable  cover,  258  • 
insert  the  cable  through  the  box  hole  to  expose  a  quarter-inch  of  238  - 
cable  cover  inside  the  box,  and  anchor  the  cable  within  8  inches  258  - 
of  the  box.  258- 

255  -  25.  The  cable  is  anchored  within  12  inches  of  the  box  that  the  free  258 
end  is  attached  to,  and  then  run  along  the  framing  members  and       258  - 
fastened  ae  least  every  41^  feet  until  it  reaches  the  other  box.  258  - 

255  -  26.  Six  inches  of  free  conductor  in  the  box.  258 

255  -  27.  Take  a  look  at  where  the  holes  are  located  and  then  decide       258  • 

where  to  start  for  the  easiest  installation  and  least  waste.  258  - 

258 

256  -  1 .    Splices  are  used  to  connect  wires  together  to  form  complete       258  • 

circuits  and  to  connect  or  add  ground  wires  so  th&t  all  nootal       258  - 

units  in  the  electical  circuits  are  grounded.  258  - 

256  -  2.    It  must  be  as  stiiong  as  a  continuous  wire  and  conduct  electricity 

as  well  as  if  it  were  one  piece.  258  - 

256-3.    Soldered  pigtails,  solderless  pigtails,  tee  splices,  and  crimp  258- 

joints.  258  • 

256  -  4.    With  a  wire  stripper. 


It  is  easy  m  nick  the  wire,  which  may  cause  it  to  break. 
A  knife. 

Start  by  cutting  the  insulation  at  an  angle  of  about  30°.  Remove 
the  insulation  about  like  a  pencil  is  sharpened,  being  careful  not 
to  cut  the  wire. 

Use  the  knife  blade  to  scrape  the  wire  until  it  is  clean. 


a. 
b. 
c. 
d. 

e. 


I. 

C. 

I. 

C. 
C. 


Plastic  electrical  tape. 
Four. 

It  allows  the  tape  to  be  applied  so  that  a  close,  smooth  wrap  is 
fonned.  By  varying  the  tension,  the  tape  can  be  stretched  to 
conform  to  angle  and  diameter  changes  to  insure  a  snug  fit. 
256  -  13.  The  tape  is  applied  smoothly  half  lapping  each  turn  of  the  tape 
until  the  end  of  the  splice  is  reached.  At  the  end,  the  tape  is 
folded  oyer  and  then  brought  back  toward  the  starting  point, 
half  lapping  each  wrap  of  the  tape. 

To  make  a  solderless  piguil  splice,  remove  the  insulation  from 
the  ends  of  the  wires  and  twist  them  together  three  turns.  Finish 
the  splice  by  installing  a  wire  nut  and  tightening  it.  Properly 
made,  the  wire  nut  provides  full  insulation  to  the  splice. 
Tap  or  tee. 
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2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 
10. 
II. 
12. 
13. 
14. 
15. 
16. 
17. 

18. 
19. 
20. 


A  splicing  sleeve  and  a  special  crimping  tool. 
To  splice  several  grounding  conductors  together. 
A  crimped  pigtail. 

Rigid  metal  conduit,  intermediate  metal  conduit,  EMT,  and 
other  raceways  approved  by  the  NEC. 
At  the  service  equipment. 

By  using  a  grounding  clip  or  a  screw  that  is  not  used  for  any 
other  purpose. 

Continuity  of  ih;  equipment  ground  must  not  be  broken  when  a 
receptacle  is  removed  from  the  circuit. 

Surface-mounted  boxes  where  there  is  direct  contact  between 
the  yoke  of  the  receptacle  and  the  box  and  any  box  where 
receptacles  designed  specifically  to  provide  metal -to- metal 
contact  between  the  yoke  and  the  box  are  used. 
Green  hexhead. 
Fault  condition. 

It  wiM  be  bare,  green,  or  green  with  yellow  stripes. 

To  insure  good  circuit  operation,  prevent  fire,  and  protect 

personnel. 

Terminal  loop. 

Strip  approximately  3/4  inch  of  insulation  from  the  end  of  the 
conductor. 

Needlenose  or  longnose  pliers. 

So  that  tightening  of  the  screw  will  not  spread  the  loop. 

Circuit  wires  are  pigtailed  to  the  fixture  wires  with  a  wire  nut. 

Brass  or  dark  colored  screw . 

Neutral  or  grounded  conductor 

7/8  inch,  6-32. 

50  pounds. 

8-32. 

1  foot. 

Heat-resistant. 

Between  ceiling  joists  with  special  bar  hangers. 

Four  feet  minimum  and  6  feet  maximum. 

Wood  screws,  toggle  bolU,  or  lead  anchors. 

When  the  mounting  holes  of  the  fixture  line  up  with  the  wood 

ceiling  joints. 

By  using  wood  strips  between  the  toggle  and  the  sheetrock. 
Lead  anchors. 

To  provide  a  neat  appearance,  protect  the  conductors,  and 
prevent  shock. 
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258  *  21 .  One,  3/8  inch,  fr-32  screw. 

258  -  22.  The  switch  must  first  be  straightened  by  loosening  the  niounling 

screws,  repositioning  the  switch,  and  tightening  the  screws. 
The  cover  plate  will  be  straight  if  the  switch  is  straight. 

CHAPTER  7 

259  -  1 .    1 8  to  32  teeth  per  inch. 

259  -  2.    So  that  the  teeth  cut  when  the  saw  is  pushed  forward. 

259  -  3.    Leave  enough  room  to  keep  from  hitting  your  hands  on  the  vise 

and  to  allow  for  threading  after  the  cut  is  made. 
259  -  4.   Tight  enough  to  score  the  pipe. 

259  -  5.    Pipe  cutters  may  flatten  the  end  and  leave  a  ridge  inside  that  is 

diff  ^  ult  to  remove. 
259  -  6.    Use  a  hacksaw  to  cut  through  one  ribbon  of  the  flex,  then  a 

reverse  twist  to  separate  the  ends. 
259  -  7,    Ream  the  conduit  with  a  reamer,  raltail  file,  or  the  handles  of  a 

pair  of  pliers,  making  sure  any  edge  or  burrs  are  removed, 
259  -  8.    Rigid  and  intermediate  metal  conduit. 
259  -  9.    Standard  conduit<cutting  die  with  a  3/4-inch  taper  per  foot. 
259  -  10.  Reverse  turns  keep  the  threads  and  dies  clean. 
259  -  1 1 .  A  full  thread  is  obtained  by  cutting  threads  until  two  or  three 

extend  beyond  the  die. 
259  -  12.  Up  to  2-inch  conduit. 

259  -  13.  By  electric  drive  motors. 

260  -  1 .    Field  bends. 

260  -  2.    Without  reducing  the  inside  diameter  of  the  conduit  at  the  bend. 
260  -  3.    The  hickey  and  the  one  shot. 
260  -  4.    One  shot. 

260  -  5.    The  equivalent  of  four  quarter  bends  or  360°  total. 

260  -  6.    The  conduit,  fittings,  straps,  conductors,  and  bends  used  from 

one  ofwning  to  the  next. 
260  -  7.    The  stub. 
260  -  8.    The  lakeup. 

260  -  9.  The  lakeup  is  5  inches,  and  the  arrow  of  the  bender  is  placed  on 
the  lakeup  mark  with  ihe  lip  of  the  bender  towards  the  end  of  the 
stub. 

260  -  10.  A  90"  bend  is  checked  by  placing  it  next  to  something  known  to 
be  a  right  angle,  such  as  a  wall,  and  measuring  from  the  floor  to 
the  end  of  the  stub. 

260  -11.  Two  adjacent  90*  bends  in  the  same  piece  of  conduit. 

260  -  12.  The  second  90°  of  a  back-to-back  is  made  by  first  marking  the 
outside-to-outside  measurement  on  the  conduit.  Then  subtract 
the  takeup,  place  the  arrow  on  the  takeup  mark,  and  make  the 
bend  in  the  same  direction  as  you  did  the  first,  or  place  the  star 
of  the  bender  in  line  with  the  outside-to-outside  mark  and  make 
the  bend  in  the  opposite  direction  from  the  first  bend- 

260  -  13.  A  box  offset  is  two  equal  bends  in  opposite  directions  used  to 
bring  ihe  conduit  out  from  the  structure  to  match  a  knockout  in  a 
box  or  panel . 

260  -  14.  Depth  of  the  offset  and  amount  of  bend  to  be  used. 

260  -  15.  Offset  depth  x  constant  m.ultiplier  =  distance  between  bends. 

260  -  16.  After  ihe  marks  arc  made,  the  desired  amount  of  bend  is  made 

on  the  same  side  of  each  mark,  using  the  arrow  of  the  bender 

aligned  with  each  mark. 
260  -  17.  Lay  oui  the  desired  angle  on  a  piece  of  paper  or  the  floor  and' 

check  the  conduit  against  the  angle. 
260  -  18.  Mark  the  conduit  for  the  amount  of  stub  needed,  subtract  the 

takeup,  and  make  three  30**  bends  two  inches  apart. 
260  -  19.  Hand  or  electric  pumps. 

260  -  20.  Takeup  for  manual  benders  and  power  benders  is  not  the  same 

due  to  different  size  shoes  and  conduit. 

261  ~  1.   The  run  of  conduit  must  be  installed  as  a  complete  system 

before  installing  conductors. 
261-2.    As  straight  and  direct  as  possible. 
261  -  3.    Install  all  runs  at  the  same  time. 
261  -  4.    1/2  inch. 
261-5.    It  must  be  reamed. 
261  -  6.    Die  must  have  3/4-inch  taper  per  foot. 
261-7.    A  bushing. 

261  -  8.    Running  threads  are  not  allowed,  because  they  weaken  the 

conduit  at  the  coupling. 
261  -  9.    Straps  arc  fastened  onto  wooden  surfaces  with  nails  or  screws, 

and  onto  concrete  surfaces  with  expansion  anchors. 


26J  -  10  Three  feet. 
261-11.  4'/2feet,  12  inches. 

261  -  12.  By  providing  an  opening  where  conductors  can  be  pulled  or 

fed. 

262  -  1.    Lengths  of  conduit,  size  and  number  of  boxes  to  go  through. 

length  of  wire  to  leave  in  the  boxes,  and  length  of  makeup  at  the 
distribution  panel. 
262  -  2.    Fish  tape. 

262  -  3.    Pair  of  pliers  and  propane  torch. 

262  -  4.    Rehrat  the  tape  until  red,  allow  to  cool  until  straw  colored,  and 

then  plunge  it  into  water  until  cool. 
262  -  S.    Remove  4  to  6  inches  of  insulation  from  the  ends  of  the 

conductors,  thread  them  through  the  hook  of  the  fish  tape,  bond 

them  back,  twist  them  around  each  other,  and  tape  the  hoi^k  and 

bare  wires. 

262  -6.    Pull  from  the  first  box  and  feed  the  panel. 

262  -  7,  Keep  the  conductors  parallel  and  straight.  Whenever  possible 
feed  downward.  Apply  lubricant  if  necessary  on  long  runs  or 
runs  with  several  bends. 

262  -  8.    Soap,  talc,  soapstone  or  other  noncorrosive  substance. 

262  -  9.    Sidecutting  pliers. 

263  -  L    Circuit  extensions  are  used  to  extend  circuits  previously 

installed. 

263  -  2.    A  nonmetallic  extension  is  an  assembly  of  two  insulated 

conductors  in  a  nonmetallic  jacket. 
263  -  3.    An  underplaster  extension  is  an  extension  of  a  circuit  that  can  be 

run  in  EMT,  IMC,  rigid,  flexible  conduit,  type  AC  or  Ml  cable, 

and  covered  with  plaster. 
263  -  4.    Surface  raceway. 

263  -  5.  A  multioutlet  assembly  is  a  type  of  surtace  of  flush  raceway 
designed  to  hold  conductors  and  receptacles  assembled  in  the 
field  or  at  the 
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CHAPTER  8 
264  -  1.    Electromagnetic  principle. 

264  -  2.    Permanent   magnets   are   used   for  the   galvanometer  and 
electromagnets  are  used  in  the  dynamometer. 

264  -  3.  Dynamometer. 

265  -  1.    Voltmeters  and  ammeters 

265  -  2.    Linear  scales  have  equai  divisions  across  the  scale;  nonlinear 

•  scales  have  unequal  divisions. 
265  -  3.    Divide  the  difference  between  the  two  numbered  divisions  by 

the  number  of  unmarked  divisions, 
265  -  4.    Parallax  is  a  false  reading  obtained  by  not  looking  directly  at  the 

meter  face. 
265  -  5.    The  highest  r.  ge. 

265  -  6. .  To  obtain  a  more  accurate  reading. 

266  -  1.  (l)c. 

(2)  b. 

(3)  a. 

(4)  b. 

(5)  d. 

(6)  bandd. 

267  -  1.    Place  the  function  switch  in  OHMS  position,  set  the  range 

switch  in  OHMS  TIMES  ONE  position,  install  the  leads,  and 
ZERO  the  r  ter. 
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Never  connect  the  ohmmcter  to  a  live  circuU. 

Be  sure  to  position  the  function  switch  to  any  position  other 

than  OHMS  TIMES.  Remove  the  leads  and  place  them  in  the 

cover. 

Place  the  function  switch  on  one  of  two  positions:  DC/IKCW 
Of  DC/20K1W.  The  meter  leads  should  be  connected  to  the 
meter  jacks  of  corresponding  color  to  prevent  reverse 
deflection.  Set  the  range  switch  to  the  corresponding  DC 
voltage  to  be  checked. 

Place  the  fixnction  switch  to  ACV/IKH/V.  Use  the  AC  scale  on 
the  meter  when  reading.  Polarity  need  not  be  observed. 

a.  False.  It  is  most  accural:  in  the  DC/20KnyV  position. 

b.  T. 

c.  False.  Start  with  the  highest  range  and  move  down. 

d.  T. 

False.  Some  may  also  be  used  for  checking  polarity  or  to 

deteitnine  whether  the  source  is  AC  or  DC. 

False.  They  work  only  with  an  external  source  of  power. 

False.  Use  a  lamp  rated  for  the  voltage  to  be  tested. 

Thie. 

False.  Like  an  ohmnoeter,  it  should  be  used  only  on  decnergizcd 

circuit. 

Tnic. 

CHAPTER  9 

A  planned  program  of  routine  inspections  and  checks  along 
with  periodic  cleaning,  tightening,  adjusting,  and  lubricating, 
designed  to  keep  a  system  in  good  working  condition. 
Conductor  insulation,  fittings  and  connections,  and  all  devices. 
Conductor  insulation  is  checked  visually  and  tested  for 
resistance  with  a  ntegohnuneter.  Maintenance  should  include 
retyping  of  nicks  or  scrapes  and  replacement  where  repairs 
cannot  be  made. 

Couplings,  connectors,  straps,  and  cable  clamps  should  be 
checked  visually  and  physically  for  looseness  or  separation. 
Loose  connections  cause  increased  voluge  drop,  increased 
cuncni  flow,  and  e^w^ivc  heat,  which  may  cause  a  fire. 


269  -  6. 

269  -  7. 

270-  1. 
270-2. 

270  -  3. 

270  -  4. 

271  -  1. 
271  -2. 

271  -  3. 

271  -4. 

272  ~  1. 
272  -  2. 


272  -  3. 
272  -  4. 
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273  -  1. 
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The  normal  operation  under  a  specified  rated  load. 

Look  for  the  cause  of  the  breakdown  and  replace  or  relocate 

equipment  if  necessary. 

Loose  connections,  loose  wires,  abraded  wires,  and  loose 
fittings. 

An  open  circuit  occurs  when  one  or  more  conductors  in  a  circuit 
are  broken  or  otherwise  separated. 
Use  a  voltmeter  to  determine  whether  the  circuit  is  live. 
Solid,  partial,  or  floating. 

Use  relatively  low- voltage  instruments,  reducing  the  danger  of 
sparking. 

Using  a  voltmeter,  the  test  will  start  at  the  power  input  end; 
using  an  ohmmcter,  the  test  will  start  at  the  grounded  end  of  the 
circuit. 

Be  extremely  careful  because  of  live  points  in  the  junction  box. 

(1)  Ohmmeters  and  batteo  powered  test  lamps: 

(2)  Voltmeter. 

No.  You  should  check  the  lamp  with  an  ohmmeter  for 
continuity.  The  lamp  socket  itself  could  be  inoperative. 
Take  a  reading  between  phase  A  and  B,  A  and  C,  and  B  and  C. 
Each  time  you  read  to  phase  C,  you  should  get  a  low  voltage. 
This  is  a  good  indication  phase  C  is  open. 
Fuses,  switches,  and  lamps. 

This  indicates  an  open  in  the  ground  wire.  The  lamp  will  not 
light  without  a  completed  circuit;  therefore,  a  reading  indicates 
voltage  is  available  to  that  point  but  that  it  has  not  reached 
ground. 

At  the  point  where  the  circuit  is  no  longer  common  to  both 
lamps. 

A  high  resistance  means  the  circuit  is  open,  and  a  low  resistance 
means  the  circuit  is  good. 

When  there  is  a  direct  connection  between  two  wires  or 

conductors  of  different  potentials. 

This  means  the  circuit  is  good. 

This  indicates  the  short  is  in  the  equipment. 

Chttrred  or  frayed  wires. 
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NOTE:  1     NEC  210-7  All  receptacles  15  and  20  amp 
shall  be  grounded  type. 


NOTE:  2  Dashed  lines  on  drawing  are  only  repre- 
sentative of  switching  lights  and  outlets. 

NOTE:  3  NEC  210-8(a-2)  All  120^',  15  and  20  amp, 
10,  dwelling-unit  receptacles  installed  out 
doors  shall  have  GFI. 

NOTE  4:  NEC  210-8(a-1)  All  120V,  15  and  20  amp 
receptacles  installed  in  bathrooms  shall 
have  GFI. 

NOTE:  5  NEC  210-25(b)  All  rooms  of  general  occu- 
pancy  will  have  no  space  along  a  wall  more 
than  6  feet  from  a  receptacle. 

NOTE:  6  NEC  210-23  Branch  circuits  may  be  in- 
stalled for  specific  loads  (heaters  in  the 
baths). 

NOTE:  7  NEC  210-26(a)  At  least  one  wall  switch 
controlled  lighting  outlet  shall  be  installed  in 
every  habitable  room.  Exception  1 -Except 
the  kitchen,  receptacles  controlled  by  a 
wall  switch  shall  be  permitted  (living  room). 


NOTE:  8  NEC  220-3(b)  Two  or  more  20-amp  ap- 
pliance circuits  shall  be  provided  in  the  kit- 
chen, pantry,  family  room  and  breakfast 
room.  The  two  circuits  are  marked  A  and  B 
on  the  drawing.  NEC  220-1 6(a)  Feeder 
load  for  the  two  small  appliance  circuits  are 
3000  watts.  (1500  watts  each) 

N01  ^;  9  NEC  220-1 6(a)(b)  Small  appliance  circuits 
and  laundry  loads  rnay  be  included  in  gen- 
eral lighting  load  for  feeder  calculations. 
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NOTE:  10.  The  blower  unit  ir  the  laundiy  is  c 

ed  in  ttie  air  conditioning  load  as  a  pack- 


CALCULATIONS  FOR  LOAD 
Aif  Conditioning 

Area  =  1672sq,t1.)(3watts  =  5,( 

Small  appliance  and  laundiy  = 

Di^ci  -  5,000"' 

Space  heaters  (bath)  omitted  

Totalload  ^i-t.siew 


12,500W 


i,«  First10KWat100% 
'  OvenOKWatm 
building  total  load 


MM  =10,0OOW 
4,516W  --Am 
=  24,306W 


ELECTRICAL  PLAN 
SCALE1/4"  =  1'-0" 


Service  Calculations 
3  wire  11 5/230  volts 
24,306wa«s/230volts- 105.6  amps. 

Table  310-'6,  (NEC)  shows  12  THW  copper  conductors, 
used  lor  underground  entrance,  will  carry  1 1 5  amps. 


0  CEILING  OUTLET 

0  WALL  BRACKET 
£  DUPLEX  RECEPTACLE 

1  OUPLEXRECEPTACLE-ONEHALFSWITCHEO 

CONTROLLED 

WP  •  DUPLEX  RECEPTACLE  •  WEATHERPROOF 
GFI- GROUND  FAULT  INDICATING 
„  SPECIAL  OUTLET 

S-S3-S4  SWITCHES •SINGLEP0LE,3-WAY, 4-WAY 

THERMOSTAT 
^  FAN  MOTOR 

Fold  out  1  Electrical  plan,  single  dwelling. 
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Foldoull.  Electrical  diasram  single  duelling. 
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NOTE:  1     NEC  21 0-7  All  receptacles  1 5  and  20  amp 
shall  be  grounded  type. 

NOTE:  2    Dashed  lines  on  drawing  are  only  repre- 
sentative of  switching  lights  and  outlets. 

NOTE-  3     NEC  210-8(a-2)  All  120V,  15  and  20  amp. 

10.  dwelling-unit  receptacles  installed  out 
doors  shall  have  GFI. 

NOTE  4:  NEC  210-8(a-1)  All  120V,  15  and  20  amp 
receptacles  installed  in  bathrooms  shall 
have  GFI. 

NOTE:  5  NEC  21 0-25(b)  All  rooms  of  general  occu- 
pancy will  have  no  space  along  a  wall  more 
than  6  feet  from  a  receptacle. 

NOTE-  6  NEC  210-23  Branch  circuits  may  be  in- 
stalled for  specific  loads  (heaters  in  the 
baths). 

NOTE-  7  NEC  2l0-26(a)  At  least  one  wall  switch 
controlled  lighting  outlet  shall  be  installed  in 
everv  habitable  room.  Exception  1 -Except 
the  kitchen,  receptacles  controlled  by  a 
wall  switch  shall  be  permitted  (living  room). 

NOTE:  8  NEC  220-3(b)  Two  or  more  20-amp  ap- 
pliance circuits  shall  be  provided  in  the  kit- 
chen, pantry,  family  room  and  breakfast 
room.  The  two  circuits  are  marked  A  and  B 
on  the  drawing.  NEC  220-1 6(a)  Feeder 
load  for  the  two  small  appliance  circuits  are 
3000  watts.  (1 500  watts  each) 

NOTE:  9  NEC  220-16(a)(b)  Small  appliance  circuits 
and  laundry  loads  may  be  included  in  gen- 
eral lighting  load  for  feeder  calculations. 
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SERVICE 
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6FI 
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I500W 
HEATER 
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BEDROOM  2 


•27' 
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DRYER  I 
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NEC220-J(c)Atl»«sf 
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Vhi  joundry  rectptoci* 
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-(1500  Watts) 
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ELECTRICAL  PLAN 
^    SCALE1/4"  =  1'-0" 
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NOTE:  10.  The  blower  unit  in  the  laundry  is  calculat- 
ed in  the  air  conditioning  load  as  a  pack- 
age unit. 


12.5KW 
AIR 
ICONDITION 
UNIT 

54.3  A 


CALCULATIONS  FOR  LOAD 


oo 

CVJ 


Air  Conditioning 

Area  =  l672sq.tt.X3watts 

Small  appliance  and  laundo/ 

Dryer 

Space  heaters  (bath)  omitted 
Total  load 

First  10KW  at  100% 
OverlOKW  at  40% 
building  total  load 


12.500W 


5,016W 
4,500W 
5,000VV 

14,516W 

10.Q0QW 
4,51 6W 


=  lO.OOOW 

-  1  -BOSW 

-  24.306W 


Service  Calculations 
3  wire  1 15/230  volts 
24,306  watts/230  volts 


105.6  amps. 


Table  310-16.  (NEC)  shows  #2  THW  copper  conductors, 
used  for  underground  entrance,  will  carry  1 1 5  amps. 


O    CEILING  OUTLET 
-O    WALL  BRACKET 

DUPLEX  RECEPTACLE 
=©    DUPLEX  RECEPTACLE  -  ONE  HALF  SWITCHED 

CONTROLLED 

WP  -  DUPLEX  RECEPTACLE  -  WEATHERPROOF 
GFI  -  GROUND  FAULT  INDICATING 
^    SPECIAL  OUTLET 

S-S3-S4    SWITCHES  -  SINGLE  POLE,  3-WAY.  4-WAY 
®  THERMOSTAT 
FAN  MOTOR 

Fold  out  1  Electrical  plan,  single  dwelling. 
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Foldout  1.  Electrical  diagram  single  dwelling  (continued). 
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NOTE  1:  Light  fixtures  in  hangar  areas  shall  be  totally 
enclosed  type,  to  prevent  escape  of  sparks 
or  hot  metal  particles.  250W.  277V  mercury 
vapor  typical.  4  rows  of  4  each. 

NOTE  2:  Fluorescent  fixtures  4  tube.  4  ft.  each.  120V 
2.6A  typical  in  offices. 

NOTE  3:  Fluorescent  fixtures  2  tube.  8  ft.  each.  277  V 
1 .7A  typical  in  machine  shop.  4  rows,  4  fix- 
tures end  to  end.  Panel  A2. 

NOTE  4:  IncarKlesbent  fixtures  150  watt  120V  typi- 
cal.  2  each  equipment  room.  4  each  in  la- 
trine. 4  each  in  break  room. 
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NOTE  5:  Light  fixtures  in  battery  room  shall  be  Class 
1  Division  2  rated  fluorescent?  tube  4  It. 
120V,  1.3AtyplcaL4each.  Panel  C. 

NOTE  6:  Break  room  special  outlets  1(1 3  wire  240V 
20A  typical.  To  panel  B3. 

NOTE  7:  Latrine  lighting,  panel  B3, 

NOTE  8:  Supply  room  and  battery  room  feed  from 
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SUB,  PANEL,  VOLTAGE  SPECIFIED 
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Foldoul  2.  Electrical  diaj^ram  industrial  building. 
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NOTE  1:  Light  fixtures  in  hangar  areas  shall  be  totally 
enclosed  type,  to  prevent  escape  of  sparks 
or  hot  metal  particfes.  250W.  277V  mercury 
vapor  typical.  4  rows  of  4  each. 

NOTE  2:  Fluorescent  fixtures  4  tube,  4  ft.  each.  1 20V 
2.6A  typical  in  offices. 

NOTE  3:  Fluorescent  fixtures  2  tut>e,  8  ft.  each.  277  V 
1 .7A  typical  in  machine  shop.  4  rows.  4  fix- 
tures end  to  end.  Panel  A?. 


NOTE  4:  Incandescent  fixtures  150  watt  120V  typi- 
cal. 2  each  equipment  room.  4  each  in  la- 
tnne.  4  each  in  break  room. 
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NOTE  8:  Supply  room  and  battery  room  feed  from 
panel  C. 


SUMP 
PUMP 


PANEL  Bl 


240V 10 


A2 


JIGSAW 
2IA 
A2 


BAND  SAW  Pj 
HA 


§  SPECIFIC  PURPOSE  OUTLET 
®  THERMOSTAT 

c=:  FLUORESCENT  LIGHT 
()  MOTOR  WITH  H.P.  RATING 

I"  SUB,  PANEL,  VOLTAGE  SPECIFIED 


I 


277,480  VOLT  , 
■4  WIRE  POWER 


I 


120,240  VOLT 
1^-3  WIRE  POWER 


COMPRESSOR 


A! 


480V 30 
4WIRE  ^ 
20A  ® 


JEL  Al 


48OVI00A 


1  c 

A 


'M  27A  \25J 

^  EQUIP!  ROOM 


3 


SUPPLY  ROOM 


® CHARGER   EXHAUST (t\ 
240VIKVA    4.9A  ^  ^ 


BATTERY  ROOM 


ERIC 


Fotdout  2.  Electrical  diagram  indmiriat  building  (continued). 


S  T  0  P  - 


1.  MATCH  ANSWER  SHEET  TO  THIS  EXERCISE  NUMBER. 

2.  USE  NUMBER  2  PENCIL  ONLY. 


EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 

54250  02  21 

BASIC  ELECTRICITY  AND  INSTALLING  ELECTRICAL  SYSTEMS 

Carefully  read  the  following: 
DO's: 

1.  Check  the  "course,**  **volume,"  and  "form"  numbers  from  the  answer 
sheet  address  tab  against  the  "VRE  answer  sheet  identification 
number"  in  the  righthand  column  of  the  shipping  list.  If  numbers  do 
not  match,  ^^eturn  the  answer  sheet  and  the  shipping  list  to  ECI 
immediately  with  a  note  of  explanation. 

2.  Note  that  item  numbers  on  answer  sheet  are  sequential  in  each 
column. 

3-    Use  a  medium  sharp  #2  black  lead  pencil  for  marking  answer  sheet  • 

4.  Write  the  correct  answer  in  the  margin  at  the  left  of  the  item. 
(When  you  review  for  the  course  examination,  you  can  cover  your 
answers  with  a  strip  of  paper  and  then  check  your  review  answers 
against  your  original  choices.)  After  you  are  sure  of  your  answers, 
transfer  them  to  the  answer  sheet.  If  you  have  to  change  an  answer 
on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a 
clean  eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if 
at  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 

6 .  Keep  Volume  Review  Exercise  booklet  for  review  and  reference • 

7-  If  mandatorily  enrolled  student,  process  questions  or  comments 
through  your  unit  trainer  or  OJT  supervisor.  If  voluntarily 
enrolled  student,  send  questions  or  comments  to  ECI  on  ECI  Form  17. 

DOITTs: 

1.  Don't  use  answer  sheets  other  than  one  furnished  specifically  for 
each  review  exercise. 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks. 
Double  marks  or  excessive  markings  which  overflow  marking  blocks 
will  register  as  errors. 

3-    Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 

4.     Don't  use  ink  or  any  marking  other  than  a  #2  black  lead  pencil. 

NOTE;  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED  ON  THE  VOLUME 
REVIEW  EXERCISE.  In  parenthesis  after  each  item  number  on  the 
VRE  is  the  Learning  Objective  Number  where  the  answer  to  that 
item  can  be  located.  When  answering  the  items  on  the  VRE,  refer 
to  the  Learning  Objectives  indicated  by  these  Numbers.  The  VRE 
results  will  be  sent  to  you  on  a  postcard  which  will  list  the 
actual  VRE  items  you  missed.  Go  to  the  VRE  booklet  and  locate 
the  Learning  Objective  Numbers  for  the  items  missed.  Go  to  the 
text  and  carefully  review  the  areas  covered  by  these  references. 
Review  the  entire  VRE  again  before  you  take  the  closed-book 
Course  Examination. 


5^250  02  21 

1 


428 


MULTIPLE  CHOICE 

Note  to  Student:     Consider  all  choices  carefully  and  select  the  best 

answer  to  each  question, 

!•     (200)     Two  different  ways  in  which  elements  may  be  combined  are 
either  in 

a.  atoms  or  compounds.  c.     compounds  or  mixtures. 

b.  atoms  or  molecules.  d.     molecules  or  mixtures, 

2.  (200)     According  to  the  electron  theory,  atoms  are  composed  of 

a.  positive  charged  protons  ana  neutrons, 

b.  positive  charged  protons  and  neutral  charged  elections, 

c.  negative  charged  electrons  and  neutrons. 

d.  negative  charged  electrons  and  positive  charged  protons, 

3.  (201)     What  are  the  three  things  that  determine  the  resistance 
of  a  copper  wire? 

a.  Cross-sectional  area,  its  temperature,  and  weight. 

b.  Cross-sectional  area,  its  weight,  and  length. 

c.  Cross-sectional  area,  its  temperature,  and  length. 

d.  Its  temperature,  its  length,  and  its  weight, 

4.  (202)     What  material  will  hold  its  magnetism  for  a  long  period 
of  time? 

a.  Soft  iron.  c.    Hard  iron, 

b.  Soft  steel.  d.     Hard  steel. 

5.  (203)     With  a  current  flowing  through  a  single-loop  conductor, 
the  magnetic  lines  of  force  are  concentrated 

a.  around  the  loop. 

b.  within  the  loop. 

c .  around  the  conductor . 

d.  at  each  end  of  the  conductor. 

6.  (204)     The  automobile  ignition  coil  circuit  is  a  good  example 

a.  pulsating  (AC) . 

b.  pulsating  (DC). 

c.  alternating  current, 

d.  current  reversing  direction. 
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7.     (205)    What  is  the  resistance  of  a  circuit  wit'^  an  applied  voltage 
of  120  volts  and  a  current  flow  of  9  amperes? 


a.  .13  ohms.  c.     ^3^33  ohms. 

b.  1.3  ohms.  d.     108  ohms. 

8.  (205)     Vfhat  is  the  current  flow  in  a  series  circuit  with  a  20 
ohm  resistor,  a  25  ohm  resistor,  and  a  30  ohm  resistor  connected 
to  a  25  volt  power  supply? 

a.  .33  amperes.  c.    33  amperes. 

b.  7.5  amperes.  d.     75  amperes. 

9.  (206)    The  total  current  in  a  parallel  circuit  is  equal  to  the 

a.  current  in  the  largest  resistance. 

b.  inverse  sum  of  the  applied  voltage. 

c.  sum  of  the  currents  in  the  individual  branches. 

d.  total  voltages  found  in  the  individual  branches. 

10.     (206)     Vfhat  is  the  joint  resistance  of  a  5  ohm  resistor  and  a 
20  ohm  resistor  in  parallel? 

a .  2  ohms .  c .     4  ohms . 

b.  2.5  ohms.  d.     5.5  ohms. 

11  .     (206)     Vfhat  is  the  joint  resistance  of  a  "  ohms  resistor,  a  10 
ohm  resistor,  and  a  12  ohm  resistor  in  paral'ol? 

a.  2.3  ohms.  c.     3-9  ohms. 

b.  3.2  ohms.  d.     4.2  ohms. 

12.  (207)     What  is  the  unit  of  force  in  an  electrical  circuit  called? 

a.  Dyne.  c.  Volt. 

b.  Joule.  d.  Wall. 

13.  (207)     What  is  the  current  flow  in  amperes  of  a  circuit  with 
an  applied  voltage  of  120  volts  and  a  power  consumption  of  600 
watts? 

a.  .5  amperes.  c.     2.5  amperes- 

b.  2  amperes.  d.     5  amperes. 

14.  (207)     What  is  the  power  in  watts  consumed  by  a  circuit  with 
120  volts  applied  and  a  resistance  of  12  ohms? 

a.  .10  watts.  c.     1200  watts. 

b.  10  watts.  d.     1440  watts. 
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(208)  How  fast  (RPM)  must  a  2-^pole  generator  rotate  to  produce 
60  Hertz? 


a.  1200  rpra.  c.     36OO  rpm. 

b.  I8OO  rpm.  d.     4000  rpm. 

16.     (208)     How  is  the  measurement  of  the  apparent  power  of  an  AC 
electrical  system  expressed? 

a .  Volt-amperes .  c .     Millivolt-amperes . 

b.  Kilovolt-amperes.  d.     Pico  volt-amperes. 

17  -     (209)     What  is  the  capacitance  of  a  125|^    F  capacitor  when  converted 
to  farads? 


a.  .000125  f.  c.     .0125  f. 

b.  .00125  f.  d.     .125  f. 

18.     (210)     A  110  volt  AC  motor  records  20  in-line  amperes  and  the 

in-line  watt  meter  shows  only  1936  watts  being  consumed.  Solve 
for  the  power  factor  of  the  AC  circuit. 

a.  8o^  pf.  c.    86^  pf. 

b.  83%  pf.  d.     88^  pf. 

19-     (211)     A  generator  is  a  device  that  converts 

a.  electrical  energy  to  mechanical  energy. 

b.  mechanical  energy  to  electrical  energy. 

c.  kinetic  energy  to  electrical  energy. 

d.  kinetic  energy  to  potential  energy. 

20.  (212)     A  three-phase  alternator  normally  receives  power  for  its 
rotating  magnetic  field  from 

a.  a  battery  bank.  c.     an  AC  generator. 

b.  a  DC  generator.  d.     the  alternator  itself, 

21.  (213)     The  voltage  of  a  primary  cell  depends  only  on  what  two 
factors? 


a.  The  type  of  electrolyte  and  type  of  cell. 

b.  The  type  of  cell  and  type  of  terminal  posts. 

c.  The  type  of  electrode  material  and  type  of  cell. 

d.  The  type  of  electrolyte  and  the  electrode  material. 

(213)  A  lead-acid  storage  battery  should  have  an  open  circuit 
voltage  of 

a.  2.0  volts.  c.  2.i4  volts. 

b.  C.2  volts.  d.  2.6  volts. 
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23-     (214)     What  is  the  primary  voltage  of  a  transformer  that  has 

a  secondary  voltage  of  2^0  volts  and  is  rated  1  to  3  turns  ratio? 


a.  60  volts.  c.     120  volts. 

b.  80  volts*  d.     360  volts. 

24.  (214)     A  step-up  transformer  produces  a  secondary  voltage 

a.  higher  and  secondary  current  lower  than  the  voltage  and  current 
in  the  primary. 

b.  lower  and  secondary  current  higher  than  the  voltage  and  current 
in  the  primary. 

c.  and  current  higher  than  the  voltage  and  current  in  the  primary. 

d.  and  current  lower  than  the  voltage  and  current  in  the  primary. 

25.  (215)     Reference  text  figure  1-4G.     What  is  the  relationship 

of  the  input  and  output  voltages  of  the  common-emitter  transistor 
circuit? 

a.  The  input  and  output  voltages  are  in  phase. 

b.  The  input  voltage  leads  the  output  voltage  90°, 

c.  The  output  voltage  leads  the  input  voltage  90°. 

d.  The  input  and  output  voltage  are  180*^  out  of  phase. 

26.  (216)     How  many  elements  are  used  to  construct  a  diode  that  is 
a  unilateral  conductor? 

a.  2  elements.  c.     4  elements. 

b.  3  elements.  d.     5  elements. 

27.  (216)     A  Zener  diode  is  processed  to  allow  current  to  flow  through 
it  in  a 

a.  forward  direction  only. 

b.  reverse  direction  only. 

c.  forward  or  reverse  direction. 

d.  direction  to  the  flow  that  would  occur  if  it  were  a  rectifier. 

28.  (217)     What  are  the  two  coils  called  in  a  saturable  reactor? 

a.  Load  and  field.  c.     Bias  and  core. 

b.  Core  and  field.  d.     Bias  and  load. 

29.  (217)     If  the  control  current  is  decreased  on  a  magnetic  amplifier, 
what  effect,   if  any,  will  this  have  on  the  load  current? 

a.  None.  c.  Decrease. 

b .  Increase .  d .     Saturation . 
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30.  (21 8)     What  type  of  wrench  is  used  on  brass  p:.pes  and  fittings 
to  prevent  the  surface  from  being  marred  or  scratched? 

a.  Strap  wrench.  c.     Chain  wrench. 

b.  Pipe  wrench.  d.     Cable  wrench. 

31.  (218)     The  most  versatile  vice  is  the 

a.  pipe  vise.  c.     utility  vise. 

b.  chain  vise.  d.     machinist  vise. 

32.  (219)     Why  is  the  rigid  conduit  cutter  not  used  on  thin-wall 
conduit? 

a.  It  flattens  the  ends  of  thin-wall  conduit. 

b.  It  shortens  thin-wall  conduit  about  1/4  inch. 

c.  It  leaves  burrs  on  the  cut  end  of  the  conduit. 

d.  It  increases  the  inside  diameter,  making  it  u  eless. 

33*     (219)     The  purpose  of  the  knockout  punch  is  to 

a.  drill  holes  in  metal. 

b.  remove  knockouts  from  boxes. 

c.  enlarge  holes  in  sheet  metal. 

d.  reduce  the  size  of  holes  in  boxes. 

3^-     (220)     What  tool  is  used  to  remove  insulation  from  small-size 
wires  up  to  No.  12  AWG? 

a.  Reamer.  c.     Lineman's  pliers. 

b.  Wire  stripper.  d.     Needlenose  pliers. 

35.  (221)     Which  of  the  following  soldering  devices  are  nonelectric? 

a.  Soldering  gun  and  heat  sinks. 

b.  Soldering  torch  and  soldering  gun. 

c.  Solcering  gun  and  soldering  copper. 

d.  Soldering  copper  and  soldering  torch. 

36.  (222)     A  soldered  connection  that  is  dull  white  is  called  a 

a.  hot  solder  Jojnt.  c.     bad  solder  joint. 

b.  cold  solder  joint.  d.     good  solder  Joint. 

37.  (223)     What  determines  the  size  of  the  bit  shank  that  can  be 
used  in  a  portable  electric  drill? 

a.  HP  of  drill.  c.     RPM  of  drill. 

b.  Size  of  chuck.  d.     Size  of  motor. 
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38-     (??3)     The  spade  bit  is  souietiires!  referred  to  r^s  n 


39 


41 


a.  metal  bit. 

b.  speed  bit. 


c.  wood  auger. 

d.  quick  auger. 


(224)     What  Is  the  largest  AWG  size  electrical  wire? 


a.  4/0. 

b.  6/0. 


c.  12. 

d.  40. 


40.     (224)     Conductors  made  in  MCM  sizes  range  from 


a.  100  MCM  to  1000  MCM. 

b.  200  MCM  to  2000  MCM. 


c.  250  MCM  to  2000  MCM. 

d.  350  MCM  to  3500  MCM. 


(224)  What  do  the  letters  THW  marked  on  an  electrical  conductor 
indicate? 


42. 


44. 


45< 


a.  Heat-resistant  asbestos. 

b.  Heat-  and  weather-resistant  rubber. 

c.  Temperature,  heat,  and  weather  resistant. 

d.  Heat-  and  moisture-resistant  thermoplastic. 

(225)  Prepunched  disks  in  a  box  that  can  be  removed  easily  to 
permit  conduit  or  cable  connectors  to  be  installed  are  called 


a.  connector  disks. 

b.  knockouts. 


c.  priouts. 

d.  blanks. 


43.     (226)     What  is  the  purpose  of  a  raised  box  cover? 

a.  Provides  space  for  three  additional  devices. 

b.  Provides  added  interior  space  as  well  as  a  cover  for  the  box. 

c.  To  allow  for  installation  of  a  thicker  wall  surface  after 
the  box  is  mounted. 

d.  To  allow  the  box  to  be  mounted  5/8  of  an  inch  behind  the  wall 
surface . 


(227)  When  lengths  of  rigid  metal  conduit  are  jointed  together, 
the  fittings  normally  used  are 


a.  threaded  couplings. 

b.  threaded  connectors, 


c.  compression  couplings . 

d .  compression  connectors. 


(227)  Flexible  metal  tubing  cannot  be  used  in  sections  greater 
than 


a.  3  feet  in  length. 

b.  6  feet  in  length. 


c.  9  feet  in  length. 

d.  12  feet  in  length. 
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^6.     (228)     Which  conductvr  must  a  single-pole  switch  open  when  properly 
installed  in  a  circuit? 

a.  Ungrounded  conductor.  c»     Grounded  conductor. 

b.  Grounding  conductor.  d.     Neutral  conductor. 

•47 •     (228)     What  is  the  highest  position  the  handles  of  switches  and 
circuit  breakers  can  be  installed  from  the  floor  or  a  working 
platform? 

a.  48  inches.  c.     60  inches. 

b.  54  inches.  d.     78  inches. 

48.     (229)     Dryer  outlets  installed  in  homes  are  normally  rated  at 

a.  20  amps.  c.     40  amps. 

b.  30  amps.  d.     50  amps. 

49-     (229)     The  NEC  allows  a  30-ampere,  crowds  foot,   thi-ee  wire  outlet 

to  be  used  without  an  equipment  ground  if  the  neutral  in  the  appliance 
cord  is 

a.  No.  10  AWG  and  bonded  to  the  frame  of  the  appliance, 
b-     No.   12  AWG  and  bonded  to  the  frame  of  the  appliance. 

c.  No.  8  AWG  and  bonded  to  a  cold  water  pipe. 

d.  No.  6  AWG  and  bonded  to  a  driven  earth  ground. 

50.  (230)     Which  classification  of  light  directs  from  40  to  60  percent 
of  its  light  upward  above  the  area  to  be  lighted? 

a.  Indirect.  c.  Semi-indirect. 

b.  Semidirect.  d.     General  diffusing. 

51.  (231)     Select  an  advantage  of  incandescent  lighting  over  fluorescent 
lighting. 

a.  Produces  less  heat.  c.     Gives  off  more  light. 

b.  Ease  of  maintenance.  d.     Greater  efficiency  per  watt. 

52.  (231)     The  three  basic  types  of  fluorescent  lights  are  rapid 
start,  instant  start,  and 

a.  cold  ciathode.  c.     lag  start. 

b.  auto  start.  d.  preheat. 

53-     (232)     Compared  to  incadescent  bulbs  of  the  same  wattage,  the 
new  high-pressure  sodium  light  bulbs 

a.  will  use  the  same  amount  of  power. 

b.  only  requires  three-quarters  of  the  power. 

c.  will  have  a  50-percent  increase  in  lamp  life. 

d.  will  have  a  100-percent  increase  in  lamp  life. 
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(232)     How  can  the  stroboscopic  effect  of  HID  lights  be  reduced? 


a.  Adjacent  lamps  should  be  powered  from  different  phases. 

b.  Each  row  of  lamps  should  be  powered  from  the  same  phase, 

c.  Reduce  the  ballast  voltage  5  percent  below  the  specified  rating. 

d.  Alternate  the  HID  lamps  with  incadesent  lamps. 

55.  (232)    Vfhat  is  another  name  for  an  HID  lamp  ballast? 

a.  A  choke  coil. 

b.  A  phase  splitter. 

c.  A  capacitor  filter. 

da     A  current-limiting  transformer. 

56.  (233)     An  electrical  system  that  uses  two  ungrounded  conductors 
and  a  neutral  conductor  is  a 

a  .  two-wire ,  single-phase  type . 

b.  two-wire,  two-phase  type. 

c.  three-wire,  single-phase  type. 

d.  three-wire,  three-phase  type. 

57.  (233)     What  type  of  conductors  and  how  many  conductors  are  required 
for  a  3 -phase  wye  service  entrance  used  for  power  and  lighting? 

a.  3  ungrounded  conductors. 

b.  4  ungrounded  conductors. 

c.  2  ungrounded  and  1  grounded  neutral  conductors. 

d.  3  ungrounded  and  1  grounded  neutral  conductors. 

58.  (233)     What  is  the  phase-to-phase  voltage  of  a  3-phase,  wye  system 
when  phase-to-neutral  voltage  is  120  volts? 

a.  208.  c.  240. 

b.  220.  d.  440. 

59.  (233)     Which  one  of  the  following  voltage  systems  has  one  phase 
to  neutral  voltage  that  is  higher  than  other  phases  to  neutral? 

a.  Two-wire,  single-phase.  c.     Four-wire,  three-phase  delta. 

b .  Three-wire  ,  single-phase .      d .     Four-wire  ,  three-phase  wye . 

60 .  (234)     The  minimum  clearance  of  service  drop  conductors  above 
the  ground  or  a  sidewalk  near  residential  buildings  is 

a.  14  feet.  c.     10  feet. 

b.  12  feet.  d.     8  feet. 
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(23^)  What  is  the  minimum  cleai^ance  for  a  service  drop  over 
a  public  street? 


a.  10  feet.  c.     15  feet. 

b.  12  feet.  d*     18  feet. 

(23^)     Power  operated  service  disconnects  are  required  to  be 
designed  so  that  they  can  be  opened 

a.  externally.  c.  quickly. 

b.  manually.  d.  slowly. 

(235)     Why  are  service  entrance  conductors  usually  larger  than 
the  service  drop  conductors? 

a.  Free  air  permits  greater  ampacity  on  service  drop  conductors. 

b.  There  is  more  amperage  on  the  service  drop  conductors. 

c.  The  voltage  is  higher  on  the  service  drop  conductors. 

d.  There  is  less  amperage  on  service  drop  conductors. 

(235)     When  the  service  drop  conductors  are  supported  by  being 
attached  to  the  rigid  metal  conduit  enclosing  the  service  entrance 
conductors,  the  conduit  is  referred  to  as  a  service 

a.  mast.  c.  frame. 

b.  head.  d.  attachment. 

(235)  Two  methods  of  preventing  rain  from  entering  service-entrance 
cable  are  to  use  a  weatherhead  or 

a.  a  rain  cap.  c.    a  junction  box- 

b.  a  gooseneck.  d.     an  entrance  ell. 

(236)  Underground  services  installed  with  cable  must  be  buried 
to  a  depth  of  at  least 

a.  18  inches.  c.     30  inches. 

b.  2U  inches.  d.     36  inches. 

(237)  In  a  panel  with  a  neutral,  what  percent  of  the  overcurrent 
devices  must  be  rated  at  30  amperes  or  less  for  it  to  be  classified 
as  a  lighting  and  appliance  panel? 

a.  5  percent.  c.     20  percent. 

b.  10  percent.  d.     25  percent. 

(237)     Other  than  clearly  tagged,  how  is  the  high-voltage  leg 
of  a  4-wire  grounded  delta  system  identified? 

a.  Orange  outer  finish.  c.    Brown  outer  finish. 

b.  Black  outer  finish.  d.     Red  outer  finish. 
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(238)  When  install i^^;  a  panelboard 
is  the  minimum  dist.uice  the  cabinet 

a.  1/8  inch.  c. 

b.  ^/^  inch.  d. 

(238)  The  equipment  ground  bar  and 
in  a  panel  only  when  the  panelboard 

a.  load  center.  c. 

b.  service  lateral.  d. 

(238)  The  purpose  of  balancing  the 

a.  reduce  voltage  drop. 

b.  increase  voltage  drop. 

c.  reduce  total  current  flow. 

d.  increase  neutral  current  flow. 

(239)  A  hexagon  window  on  a  plug  fuse  indicates  that  the  amperage 
rating  of  the  fuse  is  some  value  betv/een 

a.  0  and  15  amps.  c.     31  and  45  amps. 

b.  16  and  30  amps.  d.     ^46  and  60  amps. 

(239)     What  are  the  three  classes  of  circuit  breakers? 

a.  Thermal,  magnetic,  and  time  delay. 

b.  Thermal,  magnetic,  and  combination  thermal-magnetic. 

c.  Instantaneous,  time  delay,  and  intermediate. 

d.  Instantaneous,  combination,  and  intermediate. 

(239)  Which  one  of  the  following  circuits  in  a  home  requires 
the  use  of  a  GFCI  type  circuit  breaker? 

a.  120V/20  amp  receptacles  in  bathrooms. 

b.  120V /20  amp  receptacles  in  bedrooms. 

c.  240V /50  amp  range  circuit. 

d.  240V /30  amp  dryer  circuit. 

(240)  Which  type  of  electrical  grounding  consists  of  connecting 
all  exposed  noncurrent-carrying  metal  parts  to  the  earth? 

a.  System.  c.  Equipment. 

b.  Lighting.  d.     Ground  rod. 

(241)  Normally,  a  metal  underground  water  pipe  can  be  used  as 
the  primary  grounding  electrode  when  it  is  in  direct  contact  with 
the  earth  for 

a.  8  feet.  c.     15  feet  or  more. 

b.  10  feet  or  more.  d.     more  than  20  feet. 
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77.  (2^11)     The  maximum  permissible  resistance  between  the  grounding 
electrode  and  earth  is 

a.  6  ohms  or  more.  c.     25  ohms  or  less. 

b.  15  ohms  or  more,  d.     50  ohms  or  less. 

78.  (242)     The  conductors  between  the  final  overcurrent  devices  and 
the  outlets  for  connecting  electrical  equipment  are  called 

a.  supply  conductors,  c,     distribution  conductors, 

b.  feeder  conductors.  d.     branch  circuit  conductors. 

79.  (242)     Which  one  of  the  following  systems  would  not  need  a  feeder 
circuit? 

a.  Distribution  panel  and  service  equipment  are  combined. 

b.  Service  equipment  and  panelboard  are  separate. 

c.  Nfain  panelboard  serving  panelboards  in  other  parts  of  building. 

d.  Main  panelboard  delivering  power  to  a  panelboard  with  final 
overcurrent  devices . 

80.  (243)     If  you  wanted  to  find  where  to  locate  an  outlet  above 
a  kitchen  sink,  what  part  of  the  blueprint  would  you  check? 

a.  Plot  plan.  c.     Sectional  drawing. 

b.  Floor  plan.  d.     Interior  elevation. 

81.  (244)     Which  electrical  diagram  does  not  show  the  relative  position 
of  the  parts  of  the  system? 

a.  Block  diagram.  c.     Schematic  diagram. 

b.  Wiring  diagram.  d.     Connection  diagram. 

82.  (245)     Blueprint  circuit  diagrams  do  not  show 

a.  switch  type.  c.     fixture  location. 

b.  switch  location.  d.     wiring  connections. 

83.  (246)     What  is  the  general  lighting  load  of  a  single  dwelling 
with  1600  square  feet  of  living  area? 

a.  480  watts.  c.     4800  watts. 

b.  533  watts.  d.     5333  watts. 

84.  (246)     How  many  115  volt,  15  amp,  lighting  circuits  are  required 
to  evenly  distribute  a  5,405  watt  lighting  load? 

a.  Two.  c.  Four. 

b.  Three.  d.  Five. 
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85.  (247)     A  branch  circuit  load,  rated  continuous,  should  be  calculated 
with  an  increase  of 

a.  10  percent.  c.     20  percent. 

b.  15  percent.  d.     25  percent. 

86.  (247)     What  is  the  total  wattage  of  9  ballasts  rated  at  1.^  amps 
each  and  fed  by  277  volts? 

a.  1,350  watts.  4,155  watts. 

b.  3,739  watts.  d.     42,930  watts. 

87.  (247)     Heavy  duty  lamp-holder  outlets  are  calculated  at 

a.  300  volt--ohms.  c.    600  volt-ohms- 

b.  300  volt-amperes.  d.     600  volt-amperes. 

88.  (247)     What  is  the  required  wattage,  for  lighting,  of  an  industrial 
commercial  (loft)  building  measuring  60  X  100  foot? 

a.  6,000  watts.  c.     18,000  watts. 

b.  12,000  watts.  d.     24,000  watts. 

89.  (248)  Ampere  capacity  of  branch-circuit  conductors  feeding  a 
motor  circuit  will  be  not  less  than 

a.  100  percent  of  the  motors  FLC. 

b.  125  percent  of  the  motors  FLC. 

c.  150  percent  of  the  motors  FLC. 

d.  200  percent  of  the  motors  FLC. 

90.  (249)     To  i>revent  nuisance  tripping  on  a  welder  circuit,  Wt>  are 
allowed  to  install  overcurrent  protection  at  what  percent  of  the 
calculated  load? 

a.  125  percent.  c.     175  percent. 

b.  150  percent.  d.     200  percent. 

91.  (249)     To  determine  the  total  calculated  load  of  a  sub-panel, 

you  add  all  the  amperages  of  the  branch  circuits  plus  what  percent 
of  the  amperage  of  the  largest  motor? 

a.  10  percent.  c.    25  percent. 

b.  15  percent.  d.     30  percent. 

92.  (250)  How  laany  conductors  can  be  installed  in  raceway  before 
the  current  capacity  of  the  conductors  must  be  derated  to  80$ 
of  their  capacity? 

a.  3*  c.  5- 

b.  4.  d.  6. 
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93*     (250)     The  main  thing  to  remember  in  paralleling  conductors 
in  raceway  is 


a.  all  conductors  must  be  the  same  color • 

b.  phases  and  neutrals  must  be  separated. 

c.  all  neutral  conductors  must  be  in  the  same  raceway. 

d.  eaoh  neutral  is  run  with  its  corresponding  phases. 

94.  (251)     The  key  to  CE  shops  working  together  is 

a.  to  coordinate*  c.     to  communicate. 

b.  to  cooperate.  d.     to  capitulate, 

95.  (252)    The  cubic  inch  capacity  of  a  box  is  determined  by 

a.  outside  dimensions. 

b.  depth  and  width. 

c.  depth  and  length. 

d.  depth,  width,  and  length. 

96.  (253)     A  quick  easy  method  of  mounting  boxes  to  metal  studs 
is  to  use 

a.  metal  studs.  c.     spring  metal  clips. 

b.  twist  anchors.  d.     self  tapping  screws. 

97.  (254)     NMC,  but  not  NM  cable,  can  be  used  in 

a.  corrosive  locations.  c.     dry  locations. 

b.  two  family  dwelling.  d.     air  voids. 

9R,     (254)     Aluminum  conductors  used  in  nonmetallic  cable  range  in 
size  from 

a.  No.  14  to  No.  6  AWG.  c.     No.  12  to  No.  4  AWG. 

b.  No.   14  to  No.  2  AWG.  d.     No.   12  to  No.  2  AWG. 

99.     (255)     NM  cable,  run  at  right  angles  across  ceiling  joists  on 
1 6-inch  centers ,  should  be  stapled 

a.  on  every  joist. 

b.  on  every  second  joist, 
c*  on  every  third  joist. 

d.  only  within  12  inches  of  a  box  or  cabinet. 
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100.     (255)     NMC  cable  No.  8  AWG,  or  larger,  may  be  held  in  place 
by  EMT  straps 

a.  in  a  concealed  area  only. 

b.  in  a  finished  basement  area. 

c.  on  smooth  walls  and  exposed  cable. 

d.  only  when  the  cable  passes  through  one  floor  to  another. 
101c     (255)     Most  NM  cable  ordered  for  branch  circuits  xr, 

a.  No.  10/3  with  ground,  in  200  ft  coils. 

b.  No.  12/2  with  ground,  in  200  ft  coils. 

c.  No.  10/2  with  ground,  in  250  ft  coils. 

d.  No.  12/2  with  ground,  in  250  ft  coils. 

102.  (256)     A  solderless  pigtail  splice  is  finished  with 

a.  a  wire  nut.  c.     plastic  tape. 

b.  epoxy  resin.  d.     rubber  and  friction  tape. 

103.  (257)     If  a  circuit  is  to  be  wired  with  nonmetallic  sheathed 
cable,  the  equipment  grounding  conductor  will  be 

a .  white . 

b.  white  or  neutral  gray. 

c.  bare,  green,  or  green  with  yellow  stripes. 

d.  any  color  other  than  black,  white,  or  green. 

104.  (258)     The  maximum  weight  of  a  fixture  that  can  be  supported 
by  an  outlet  box  is 

a.  10  pounds.  c.     40  pounds. 

b.  20  pounds.  d.     50  pounds. 

105.  (259)     What  is  the  taper  per  foot  of  a  standard  conduit-cutting 
die  used  on  rigid  metal  conduit? 

a.  1/4  inch.  c.     3/4  inch. 

b.  1/2  inch.  d.     1  inch. 

106.  (259)     What  is  considered  a  "full  thread"  when  using  a  standard 
cutting  die  on  rigid  metal  conduit? 

a.  One  full  turn  of  the  cutting  die. 

b.  Sixteen  full  turns  of  the  cutting  die. 

c.  Three-quarters  of  an  inch  of  running  thread. 

d.  Three  threads  extended  beyond  the  cutting  die. 
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107.     (260)     Two  adjt^cent  90-degree  bends  in  the  same  piece  of  conduit 
make  up  a 


a.  double  offset.  c.     back-to-back  bend. 

b.  double  right  angle.  d.     pair  of  offset  90s. 

108.  (260)     Two  equal  conduit  bends  in  opposite  directions,  used 
to  avoid  contacting  a  part  of  the  structure,  are  called 

a.  a  back-to-back.  c.     a  saddle. 

b.  an  offset.  d.     a  strap. 

109.  (261)     What  i3  the  distance  between  supports  on  direct  vertical 
runs  of  rigid  conduit  form  machine  tools  if  threaded  couplings 
are  used  and  the  riser  is  supported  at  each  end? 

a.  20  feet.  c.     8  feet. 

b.  10  feet.  d.     5  feet. 

110.  (262)     The  number  of  conductors  you  can  put  in  conduit  is  based 
on  the 

a.  size  of  conduit,  conductor  insulation,  and  length  of  run. 

b.  size  of  conduit,  conductor  insulation,  and  conductor  size. 

c.  insulation  of  conductor,  length  of  run,  and  number  of  bends, 

d.  size  of  conductor,  length  of  run,  and  number  of  bends. 

111.  (263)     Which  of  the  following  materials  should  be  used  for  a 
circuit  extension  when  appearance  is  an  important  factor? 

a.  Rigid  conduit.  c.     Multioutlet  assembly. 

b.  Surface  raceway.  d.     AC  cable  and  MI  cable. 

112.  (264)     The  purpose  of  any  meter  is  to  measure 

a.  line  loss.  c.     power  source. 

b.  quantities.  d.     operating  principles. 

113»     (265)     If  you  make  a  false  meter  reading  due  to  reading  the 
pointer  position  from  an  angle,  it  is  called 

a .  parallax,  c.     deflection . 

b.  parallel,  d.  inflection. 
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(266)     Most  AC  or  DC  voltmeters  use  a 


a.  galvanomeber-type  movement  connected  in  series  with  a  high 
resistance  shunt. 

b.  galvanometer-type  movement  connected  in  parallel  with  a  high 
resistance  shunt . 

c.  dynamometer-type  movement  connected  in  parallel  with  a  high 
resistance  shunt . 

d-     dynamometer-type  movement  connected  in  series  with  a  high 
resistance  shunt . 

115.  (266)     The  fixed  resistors  in  an  ohmmeter  are  of  such  value 
that  if  the  test  probes  are  shorted  together,   the  meter  will 

a.  be  damaged.  c.     read  full  scale. 

b.  read  infinity.  d.     deflect  past  zero. 

116.  (267)     When  the  PSM-6  is  used  as  a  DC  voltmeter,  the  function 

switch  should  be  placed  in  what  position  for  the  most  accurate 
meter  reading? 

a.  DC/ia/V.  c.  DC/10K^/V. 

b .  DC/ 1  Ka/W .  d .     DC/20Kr^/V  . 

117.  (267)     For  a  PSM-6 ,  what  increase  of  DC  voltage  meter-range 
is  provided  by  using  the  accessory  "PROD  TEST"? 

a.  1,000  volts.  c.     10,000  volts. 

b.  5,000  volts.  d.     50,000  volts. 

118.  (268)     No  matter  which  voltage  indicator  is  used,   to  read  the 
circuit  voltage,  it  must  be  connected  in 

a.  parallel  with  the  power  source. 

b.  parallel  with  the  load. 

c.  series  with  the  power  source. 

d.  series  with  the  load. 

119.  (268)     Never  use  an  indicator  test-lamp  on  a  circuit  where  you 
suspect 

a.  the  voltage  is  higher  than  the  lamp  rating. 

b.  the  circuit  is  grounded  out. 

c.  a  shorted  circuit. 

d.  an  open  circuit. 

120.  (269)     Most  serious  difficulties  within  an  electrical  system 
can  be  detected  by 

a.  a  load  check. 

b.  an  overhaul  of  the  system. 

c.  a  personal  observation. 

d.  a  tear  down  and  parts  inspection. 
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121.     (270)     Grounds  or  short  circuits  can  be 


a.  solid,  partial,  or  floati.  p^. 

b.  solid,  partial,  or  frequent. 

c.  solid,  frequent,  or  floating. 

d.  partial,  frequent,  or  floating. 

122.  (271)     The  basic  factor  to  consider  in  choosing  continuity  testing 
equipment  is  to  use 

a.  high-current  instruments  for  accuracy. 

b.  low-power  draw  instruments  to  save  energy. 

c.  low-resistance  instruments  to  prevent  arcing. 

d.  low-voltage  instruments  to  reduce  the  danger  of  sparking. 

123.  (272)     When  troubleshooting  for  a  blown  fuse  with  a  voltmeter, 
the  easiest  method  is  to  read  between  the 

a.  two  fuses. 

b.  top  of  adjacent  fuses. 

c.  bottom  of  adjacent  fuses. 

d.  top  and  bottom  of  the  suspected  fuse. 

124.  (273)     A  . hort  circuit  exists  when  there  is  a  direct  connection 
between  two  wires  or  conductors 

a.  to  ground.  c.     of  different  potentials. 

b.  of  the  same  potential.  d.     with  excessive  resistance. 

END  OF  EXERCISE 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  is  developed  by  a  series  of  student-centered  objectives.  Each  of  these 
carries  a  three-digit  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  for  you.  The  text  that  follows  the 
Objective  gives  you  the  informalion  you  need  to  reach  that  goal.  The  exercises  following  the  informatjon  eive 
you  a  check  on  your  achievement.  When  you  complete  them,  see  whether  your  answers  match  those  in  the  back 
or  this  volume.  If  your  response  to  an  exercise  is  incorrect,  review  the  objective  and  its  text. 


Motors  and  Motor  Control  Circuits 


IN  ADDITION  TO  the  responsibilities  covered  in  the 
previous  volumes  of  this  CDC,  an  electrician  is  also 
responsible  for  the  installation  and  maintenance  of  motors, 
motor  controls,  and  special  purpose  equipment.  This 
volume  deals  with  these  areas. 

In  this  chapter,  we  will  cover  the  theories  of  operation  for 
motors  and  motor  controls.  You  will  also  find  information 
on  how  to  install,  maintain,  inspect,  and  troubleshoot 
motors  and  motor  controls. 


1-1.  Motors 

In  our  world  of  automation,  we  take  for  granted  one  of 
the  most  efficient  devices  ever  invent';d — the  electric 
motor.  It  is  estimated  that  90  percent  of  industry  uses 
motors.  The  average  home  application  has  increased  over 
the  past  few  years,  ranging  from  small  clock  motors  to  the 
larger  heating  and  air-conditioner  motors.  You,  as  an 
electrician,  must  understand  the  principle  of  operation  and 
construction  of  electric  motors  and  their  control  to  perform 
troubleshooting,  maintenance,  and  replacement. 

The  rotating  machine  used  to  convert  electrical  energy 
into  mechanical  energy  is  the  electric  motor.  Practically  all 
motors  are  designed  to  meet  the  requirements  of  a  specific 
function.  All  electric  motors  fall  into  three  basic  types; 
direct  current  (DC),  alternating  current  (AC),  and 
universal.  Let's  look  at  the  DC  motor  first. 


4C0.  Name  the  m^jor  assemblies  of  a  DC  motor  and 
explain  the  function  of  each  component. 

Direct-Current  Motors.  The  major  parts  of  a  DC  motor 
include  the  armature,  field  assembly,  frame,  brush 
assembly,  andendbells.  See  figure 

Armature,  The  armature  is  the  rotating  part  of  i  DC 
motor.  It  consists  of  a  laminated  iron  core,  windings,  and 
commutator,  all  mounted  on  a  steel  shaft.  The  core  is 
laminated  to  reduce  eddy  currents.  The  windings  are  placed 
in  slots  of  the  laminated  iron  core  and  held  in  place  by 


wooden  or  fiber  wedges.  The  windings'  ends  are  brought 
out  and  connected  to  the  correct  commutator  segments  The 
commutator  is  made  of  segments  of  hard-drawn  c  ?r, 
insulated  from  each  other  by  sheets  of  mica.  Th  ascd 
portion  of  each  commutator  segment  is  called  a  r  .  The 
coil  ends  from  the  armature  windings  are  soldei  a  to  the 
riser.  The  commutator  segments  connect  the  stationary 
terminals  (or  brush  circuit)  to  the  rotating  armature 
windings. 

Field  assembly.  The  field  assembly  consists  of  the  pole 
pieces  and  field  coils.  The  poles  are  usually  laminated  and 
are  bolted  to  the  inside  of  the  frame.  The  windings  are 
placed  around  the  pole  pieces.  The  field  windings  are 
connected  so  that  they  produce  alternate  north  and  south 
poles.  The  number  of  pole  pieces  in  DC  motors  is  always 
an  even  number. 

Frame.  The  frame,  sometimes  referred  to  as  the 
housing,  is  made  of  cast  or  fabricated  steel.  Tne  frame  has 
many  functions.  It  serves  as  a  means  of  support  for  the 
niotor  and  completes  the  magnetic  circuit.  The  housing  has 
high  permeability  and,  with  the  field  poles  forms  the  major 
part  of  the  magnetic  circuit. 

Brush  assembly.  The  brush  assembly  consists  of  the 
brushes,  brush  holders,  and  springs.  The  brushes  ride  on  the 
surface  of  the  commutator  and  form  the  electrical  contact 
between  the  armature  windings  and  the  external  circuit. 
Brushes  are  usually  made  of  high-grade  carbon  and  are  held 
in  place  by  brush  holders,  which  are  insulated  ftxim  the 
frame. 

The  brushes  must  be  free  to  slide  up  and  down  in  their 
holders  so  that  they  can  follow  irregularities  on  the  surface 
of  the  commutator.  A  flexible  braided  copper  conductor 
(pigtail)  connects  each  brush  to  the  external  circuit. 
Pressure  is  exerted  on  the  brush  by  a  spring. 

Endbells.  The  endbells  are  fastened  to  the  housing  by 
means  of  bolts  and  serve  to  keep  the  armature  in  position. 
The  endbells  house  the  bearing  and  center  the  armature  so 
that  it  can  rotate  without  rubbing  against  the  field  poles. 
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Figure  I-I .  Parts  of  a  DC  motor. 


Exercises  (400): 

1 .  Name  the  five  major  parts  of  any  DC  motor. 

2.  What  is  the  relationship  of  the  commutator  to  the 
armature? 

3 .  How  are  the  pole  pieces  attached  to  the  frame? 

4.  Where  are  the  field  coils  placed? 

5.  How  is  a  circuit  completed  from  the  commutator  to  the 
external  power? 

6.  What  is  the  primary  functions  of  Ine  endbclls? 
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401.  Explain  the  principles  of  operation  of  a  DC  motor 
and  distinguish  among  the  three  basic  types. 

Operating  Principles  of  DC  Motors.  To  understand  the 
principles  on  which  electric  motors  operate,  it  is  necessary 
to  review  magnetism  and  magnetic  induction.  The  basic 
law  is  that  ^  ^unlike  poles  of  a  magnet  attract  and  like  poles 
repel  each  other." 

If  we  take  a  soft-iron  core  (pole  piece)  and  place  a  coil  of 
wire  (field  coil)  around  it,  we  have  an  electromagnet.  When 
current  passes  through  the  winding,  it  will  produce  a 
definite  polarity  in  the  pole  piece.  The  direction  of  current 
flow  through  the  winding  determines  the  polarity.  You  may 
want  to  review  Volume  2  of  this  CDC  on  magnetism  and 
the  left-hand  rule  in  determining  the  polarity  of  an 
electromagnet. 

In  operation,  a  magnetic  field  of  permanent  polarity  is  set 
up  in  the  field  poles  when  DC  current  flows  through  the 
field  windings.  The  current  that  is  applied  through  the 
brushes  and  commutator  segments  into  the  armature  coil 
also  produces  a  magnetic  field.  See  figure  1-2.  The 
armature's  magnetic  field  is  attracted  by  the  magnetic  field 
around  the  pole  pieces.  This  attraction  causes  the  armature 
to  turn.  Before  the  magnetic  fields  can  line  up  with  each 
other,  the  energized  commutator  segments  have  rotated  past 
thebr  ^ii  contact  point. 

Now  concentrate  on  figure  1-2.  What  will  happen  to  the 
position  of  our  brushes  and  the  commutator  segments  as  the 
armature  is  turning?  The  left-hand  brush  will  now  come  into 
contact  with  the  right  half  of  the  commutator  segment.  The 
brush  on  the  right  half  of  the  figure  will  now  contact  the 
commutator  segment  that  was  on  the  left.  Now  stay  with 
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Figure  1-2.  DC  motor. 


me.  What  has  happened  is  the  direction  of  DC  current  has 
been  reversed  through  the  armature  coil.  The  positive  DC 
brush  on  the  right  of  figure  1-2  will  energize  the  opposite 
end  of  the  armature  coil  than  it  did  before.  If  we  have 
reversed  the  DC  current  through  the  armature  coil,  we  have 
also  reversed  the  north  and  south  magnetic  poles  in  the 
armature.  All  through  the  reversal  action  of  the  armature 
field,  the  armature  has  continued  to  turn  so  that  the 
armature  field  and  the  perma  .ent  field  have  just  passed 
through  center.  In  other  words,  both  magnetic  fields  are  just 
past  a  point  where  they  would  line  up  with  each  other.  But 
now  we  have  like  poles  (north  facing  north  and  south  facing 


south)  opposite  each  other.  The  law  of  magnetism  tells  us 
these  like  pclcs  will  repel,  so  the  stationary  field  pole$  repel 
or  push  the  armature  further  past  the  center  point.  The 
armature  continues  to  turn  and  the  opposite,  or  unlike,  field 
pole  begins  to  attract  the  armature  field  as  it  continues  to 
revolve.  At  this  point,  we  are  back  to  where  v/e  started.  An 
actual  motor  would  have  many  coils  on  the  armature  and  an 
equal  number  of  commutator  segments.  This  would  allow  a 
stronger  attracting  and  repelling  action  and  thereby  a  more 
uniform  and  smoother  turning  force.  All  motors  operate  on 
this  basic  principle  of  attracting  or  repelling  magnetic 
fields. 
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The  three  basic  DC  motors  are  the  series,  shunt,  and 
compound.  DC  motors  are  classified  by  the  way  in  which 
the  armature  and  field  windings  are  connected  to  power. 

Series  motor.  A  series  DC  motor  is  connected  so  that  the 
armature  and  field  windings  are  in  series,  as  shown  in  figure 
1-3, A.  The  entire  current  flows  through  both  the  field  and 
armature  windings  which  produces  a  high  starting  torque. 
The  distinguishing  characteristic  of  a  series  motor  is  that 
speed  changes  rapidly  with  load.  When  load  is  high,  speed 
is  low  and  when  load  is  low.  speed  is  high.  Therefore,  a 
series  motor  should  never  be  operated  without  a  load.  It  has 
no  speed  control  except  its  load  and  may  disintegrate  due  to 
excessive  speed  if  operated  unloaded.  The  series  motor  is 
used  when  high  starting  torque  is  required  and  rapid 
fluctuations  of  torque  occur. 

Shunt  motor.  A  DC  shunt  motor  has  the  field  coils  and 
armature  connected  in  paralh  U  as  you  can  see  in  figure  1- 
3,B.  The  resistance  in  the  field  windings  is  high;  therefore, 
the  current  flow  through  the  field  is  low.  Since  the  field 
windings  are  connected  directly  across  the  power  supply, 
the  current  will  remain  constant.  The  field  current  does  not 
vary  with  motor  speed,  as  in  the  series  motor,  so  torque  of 
the  shunt  motor  will  vary  only  with  the  current  through  the 
armature.  The  speed  of  a  shunt  motor  varies  very  little  when 
load  changes.  Shunt  motors  are  used  when  constant  speed  is 
desired  and  when  high  starting  torque  is  not  required. 

Compound  motor,  A  compound  motor  is  connected  so 
that  pan  of  the  field  windings  is  connected  across  the  power 
supply,  and  the  other  part  is  connected  in  series  with  the 
armature  (see  fig.  1-3, C).  By  this  method,  the 
characteristics  of  the  series  motor  and  shunt  motor  are 
combined.  A  series  field  connection  and  an  armature 
connection  provide  high  starting  torque,  while  the  shunt 
field  windings  provide  for  speed  control.  A  compound 
motor  has  the  advantages  of  high  starting  torque  and  good 
speed  regulation  under  load. 

Exercises  (401): 

I .  The  magnetic  law  that  applies  to  the  operation  of  DC 
motors  states  that  unlike  magnetic  poles  


2.  What  determines  the  polarity  of  an  electromagnet? 


What  rule  could  you  use  to  determine  the  polarity  of  an 
electromagnet? 
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Figure  1-3.  General  types  of  DC  motors. 


5.  What  force(s)  causes  the  armature  of  a  DC  motor  to 
rotate? 


What  causes  the  current  flow  to  reverse  in  the  armature 
winding  of  a  DC  motor? 


6.  Name  the  three  types  of  DC  motors . 
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7.  State  the  type  of  DC  mo^       at  you  should  use  in  each 
case  below: 


.a.    When  high  starting  torque  is  required  and 
rapid  fluctuations  of  torque  occur. 


.b.    When  constant  speed  is  required  and  high 
starting  torque  is  not  required. 


-c.    When  high  starting  torque  is  required  with 
good  speed  control. 


8.  Which  DC  motor  should  not  be  operated  without  a 
load? 


402.  Name  specified  parts  of  a  three-part  (3c|))  induction 
motor  and  identify  the  functions  of  selected  parts. 

The  two  general  types  of  3(|)  motors  are  induction  and 
synchronous.  Both  motors  depend  on  the  existence  of  a 
rotating  magnetic  field  for  their  operation.  The  construction 
of  the  rotors  is  the  basic  difference  of  these  AC  motors.  We 
will  only  cover  the  induction  type. 

Types  of  3^  Induction  Motors.  The  most  common 
types  of  3(})  induction  motors  are  the  squirrel-cage  rotor  and 
the-wire  wound  rotor,  also  called  an  armature.  3(j)  motors, 
sonietimes  referred  to  as  polyphase  motors,  all  have  three 
basic  parts:  stator,  rotor,  and  endbells. 

Stator.  The  stator,  or  frame,  serves  to  house  the 
stationary  windings  and  provide  an  attachment  point  for  the 
supply  voltage.  The  stator  is  illustrated  in  figure  1-4.  It  is 
made  of  cast  iron  or  steel  and  has  a  silicon  steel  core  pressed 
inside.  The  steel  core  is  constructed  with  semiclosed  slots 
which  hold  the  field  windings.  The  field  windings  are  made 
up  of  a  number  of  varnish-insulated  coils,  which  are 
separated  by  120  electrical  degrees,  or  1/3  cycle  of  AC 
power.  The  coils  are  insulated  from  the  core  with  treated 
pai>er  called  fish  paper.  The  coils  are  connected  to  form 
three  separate  windings.  The  field  windings  and  the  steel 
core  together  make  up  the  stator  part  of  the  motor. 

Rotor.  The  rotor  is  the  rotating  part  of  the  motor.  The 
rotor  provides  a  point  to  convert  electrical  energy  to 
mechanical  energy  and  to  attach  the  motor  to  the  load. 
Rotors  may  be  either  the  wire-wound  or  squirrel -cage  type, 
depending  on  the  manufacturing  and  motor  requirements. 
Squirrel-cage  rotors  are  cheaper  to  build  and  require  less 
maintenance  than  the  wound  rotor. 

a.  Squirrel-cage  rotor.  The  squirrel-cage  rotor  is  made 
up  of  a  laminated  iron  core  mounted  on  a  spider  or 
framework  secured  to  the  shaft.  See  figure  1-5.  Bars  of 
copper,  aluminum,  or  any  alloy  which  is  a  good  conductor, 
are  laid  in  slots  in  the  core.  All  the  bars  are  connected  to  end 


Figure  1-4.  Three-phase  stator. 


nngs  forming  a  complete  current  path.  Smaller  motors,  less 
than  one  horsepower,  may  have  the  rotor  cast  in  one  piece 
and  the  rotor  bars  will  be  on  an  angle  to  the  shaft.  This  is 
called  SKEW,  and  the  effect  increases  the  torque  of  the 
motor.  Squirrel-cage  rotors  do  not  contain  any  electrical 
connections  to  the  power  source,  no  insulation  and  no 
commutator  or  sliprings.  The  rotor  bars  and  end  rings 
together  make  up  a  squirrel-cage  winding.  Fan  blades  are 
added  on  the  end  of  the  rotor  to  provide  ventilation. 

b.  Wound  Rotor.  The  wound  rotor  in  figure  1-6  has  a 
laminated  silicon  steel  core  mounted  on  a  shaft.  The  rotor 
windings  are  made  of  coils  of  copper  wire  similar  to  those 
used  in  the  stator.  The  windings  are  connected,  wye  or 
delta,  and  the  other  ends  of  the  windings  are  connected  to 
sliprings  and  are  connected  externally  to  resistors  for 
variable  speed  control  and  low  starting  current. 

Endbells,  The  endbells  serve  three  functions.  They 
house  the  bearings,  support  and  align  the  rotor  and  shaft, 
and  complete  the  frame  of  the  motor. 

Exercises  (402): 
1 .  What  are  the  basic  parts  of  a  3^  induction  motor? 


2.  Name  the  parts  of  a  squirrel-cage  rotor. 


3.  What  functions  do  the  endbells  perform  on  a  motor? 
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4.   Which  type  o(  rotor  has  sliprings  tor  variable  speed 
control? 


5.  What  is  the  purpose  of  the  rotor  in  an  AC  motor? 


6.  Other  than  housing  the  stator  windings,  what  function 
does  a  stator  serve? 


7.  Why  are  laminated  cores  used  in  motors? 


8.  When  is  the  use  of  a  wound  rotor  desirable? 


403.  Explain  the  principle  of  operation  of  a  34)  induction 
motor. 

Operating  Principles  of  3c{)  Induction  Motors.  A  34) 

induction  motor  depends  on  a  rotating  magnetic  field  for 
operation.  When  current  flows  through  the  stator  windings, 
a  rotating  magnetic  field  is  produced  that  induces  a  voltage 
in  the  rotor.  The  current  flow  in  the  rotor  sets  up  a  magnetic 
field  that  is  attracted  to  the  rotating  field  in  the  stator.  This 
rotating  magnetic  field  is  produced  by  several  factors: 

a.  The  difference  in  amount  of  current  flow  in  the  3<}) 
power  caused  by  the  characteristics  of  generating  3<}) 
voltage. 

b.  The  reversal  in  direction  of  current  flow  caused  by  the 
characteristics  of  voltf.ge. 

c.  The  arrangemeiit  of  field  windings  in  the  stator  core 
which  establishes  an  even  spread  of  the  magnetic  field 
around  the  stator. 

The  rotating  magnetic  field  is  set  up  by  the  rising  and 
falling  current  in  the  stator  windirij_:s  as  shown  in  the  upper 
part  of  figure  1-7.  When  the  current  reaches  its  maximum 
value  in  one  winding,  this  winding  produces  a  strong 
magnetic  field.  As  the  current  in  the  first  winding 
decreases,  the  current  in  the  next  winding  increases, 
causing  the  magnetic  field  to  move  to  that  winding.  As  the 
current  decreases  in  the  second  winding,  it  increases  in  the 
third  winding,  causing  the  magnetic  field  to  move  again. 
The  windings  are  distributed  so  that  this  rotation  of  the 
magnetic  field  is  uniform  and  continuous. 

Notice  how  the  magnetic  field  rotates  around  the  stator  in 
the  lower  part  of  figure  1-7.  These  magnetic  fields  cut 
across  the  rotor,  inducing  voltage  in  the  rotor.  This  voltage 
causes  a  current  to  flow  in  the  rotor  that  produces  a 
magnetic  field.  Since  the  voltage  is  induced,  the  magnetic 
field  in  the  rotor  will  be  opposite  to  the  magnetic  field  that 
produced  it.  Proving  the  principle  that  unlike  poles  attract 
each  other,  the  rotor  follows  the  rotating  magnetic  field. 
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Figure  1-7.  Rotating  magnetic  field  schematic. 


Motor  Speed.  The  speed  of  the  rotating  field  in  the 
stator  of  an  induction  motor  is  called  synchronous  speed. 
Synchronous  speed  is  determined  by  the  number  of  poles  in 
the  motor  and  the  frequency,  which  means  that  if  frequency 
increases,  motor  speed  increases.  Speed  is  inversely 
proportional  to  the  number  of  poles,  which  means  the  more 
poles  a  motor  has,  the  slower  it  will  turn.  The  equation  for 
synchronous  speed  is: 


For  example,  synchronous  speed  for  a  4-pole  motor  is 
1800  rpm.  A  data  plate  located  on  the  stator  will  give  the 
motor  (shaft  speed)  as  1725  rpm.  With  these  two  figures 
slip  can  be  determined  as  follows: 


Percent  of  slip  =   synchronous  speed  -  rotor  spc<:d  ^ 
synchronous  speed 


Revolutions  per  minute  (rpm)  =   frequency  x  120 

no.  of  poles 


Assume  that  we  have  an  induction  motor  operating  on  60 
cycles,  and  the  motor  has  4  poles  in  the  stator.  Substitute 
these  values  for  those  in  the  formula. 


Percent  of  slip  =  x  100 


SS 


Percent  of  slip 


75 


X  100 


1800 

Slip  =  4. 1  percent 


RPM  =   60  X  120  ^ 
4 


We  find  that  the  motor  rotates  at  1800  rpm  minus  the  slip. 

The  speed  of  an  induction  motor  is  always  less  than  that 
of  the  rotating  magnetic  field.  This  difference  in  speed  is 
called  slip.  Normal  slip  for  induction  motors  is  from  2  to  5 
percent  of  synchronous  speed.  If  slip  increases,  torque 
increases.  However,  a  slip  of  25  percent  is  called  stall 
point — a  point  at  which  the  rotor  stalls  or  locks.  This  is 
normally  caused  if  the  motor  is  overloaded. 


Normally  you  can  obtain  the  rpm  of  a  motor  from  the 
data  plate.  However,  in  some  cases,  the  data  plate  will  be 
missing  from  the  motor.  If  the  motor  is  operational,  a 
tachometer  can  be  used  to  determine  speed  of  the  shaft.  A 
synchronous  motor  is  one  which  operates  at  synchronous 
speed  and,  therefore,  has  no  slip. 

Exercises  (403): 
1  -  On  what  does  the  operation  of  a  3(j)  motor  depend? 
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2.  What  is  the  difference  in  speed  betweer  the  rotor  and 
rotating  magnetic  field  called? 


3.  What  factors  are  necessary  for  producing  a  rotating 
magnetic  field  in  a  3(|>  motor? 


4.  What  is  the  synchronous  speed  of  a  4-pole  motor 
operating  on  50-cycle  power? 


5.  What  is  the  normal  slip  for  an  induction  motor? 


6.  What  factors  determine  motor  speed? 


7.  If  frequency  increases,  what  happens  to  motor  speed? 


8.  What  percentage  of  slip  will  cause  the  rotor  to  stall  or 
lock? 


404.  Describe  the  connections  used  for  high  and  low 
voltage  of  a  3c{>  dual -voltage  motor. 

Three- Phase  Motor  Connections.  Three-phase  motors 
have  both  internal  and  external  connections  to  the  stator 
coils.  These  coils  are  connected  to  each  other  internally  to 
produce  three  separate  windings  or  phases  in  the  stator. 
The  windings  of  all  3c|)  motors  have  either  a  wye  or  delta 
connection. 

The  internal  connections  determine  if  the  windings 
require  a  delta  or  wye  connection.  The  external  connections 
are  made  with  the  leads  that  are  brought  out  of  the  motor 
and  connected  to  power. 

Some  3({>  motors  are  single  voltage  and  others  are  dual 
voltage.  This  tells  us  that  the  single-voltage  motor  will 
operate  at  one  particular  voltage  (for  example,  220  volts). 
The  dual-voltage  motor  will  operate  at  two  different 
voltages  (for  example,  220  or  440  volts),  depending  on  how 
we  make  our  external  connections.  A  single- voltage  3({> 
motor  will  require  only  three  leads  to  be  brought  out.  A 
dual-voltage  3({>  motor  will  normally  have  nine  leads 
coming  out  of  the  motor.  Each  lead  is  one  end  of  a  stator 
coil,  universally  numbered  for  identification.  An  example 
is  shown  in  figure  1-8.  In  the  top  right  comer  we  see  a 
schematic  of  one  coil  numbered  1  and  4.  We  will  call  this 


A 


LOW  VOLTAGE  HIGH  VOLTAGE 


LINE  LINE 
208/220  VOLTS        B  440  VOLTS 


Figure  1-8.  Three-phase  wye  connections. 


leads  1-4  as  we  continue  our  explanation.  The  coil  just 
below  1-^  would  be  7-10,  which  is  our  second  half  of  one 
phase  winding.  We  will  series  these  coils  for  high  voltage 
or  parallel  them  for  low  voltage. 

Wye-connected  motors.  The  symbol  for  a  wye-connected 
motor  is  Y,  sometimes  referred  to  as  a  star.  Figure  1-8 
shows  a  schematic  diagram  of  a  wye-connected  dual- 
voltage  motor.  Leads  10,  11,  and  12  are  the  ends  of  tliree 
separate  coils  and  are  connected  together  (normally  this  is 
conripleted  inside  the  motor  by  the  manufacturer).  These 
leads  are  the  internal  connections  that  form  the  Y.  The 
remaining  nine  leads  are  brought  out  of  the  motor  for  the 
external  connections. 

Notice  in  the  figure  lhat  208/220  volts  is  low  voltage,  and 
440  volts  is  the  high  voltage.  This  information  will  be  given 
on  the  motor  data  plate,  which  we  will  discuss  later  in  this 
chapter.  Let's  look  at  the  connections  for  both  high  and  low 
voltage  of  a  dual-voltage  three-phase  motor. 

Figure  1-9  shows  a  3(|)  wye-connected  motor  for  low 
voltage  (208/220  volts).  The  low-voltage  connections  are 
made  by  splicing  leads  4,5,  and  6  together  and  taping  the 
connection.  Leads  1  and  7  are  spliced  together  and 
connected  to  one  of  the  leads  of  the  3(j)  power  source. 
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Figure  1-9.  Wye-connected  motor  for  low  voltage. 


Respectively,  leads  2  and  8  and  3  and  9  are  spliced  and 
connected  to  the  other  two  power  source  leads.  Windings 
1-4  and  7-10  are  in  parallel  as  well  as  2-5  and  8-1 1 ,  and 
3-6  and  9-12.  Placing  these  windings  in  parallel  causes  the 
impedance  of  the  windings  to  decrease.  If  you  recall  your 
study  of  Ohm's  law,  when  resistance  decreases^  current 
increases;  therefore,  when  a  motor  is  connected  for  low 
voltage,  it  will  draw  more  current  than  if  connected  for  high 
voltage. 

Figure  1-10  shows  a  schematic  diagram  of  a  wye- 
connected  motor  for  high  voltage.  Leads  1  through  9  are 
brought  out  of  the  motor  in  the  terminal  box.  For  high 
voltage,  leads  4  and  7  are  spliced  together  and  taped,  the 
same  as  5  and  8  and  6  and  9.  The  440-volt  3(|)  power  source 
is  connected  to  leads  1,2,  and  3.  Each  phase  is  connected 
separately  and  taped.  For  example,  the  A  phase  of  power  is 
connected  to  lead  1  of  the  motor.  Thus,  we  have  electrically 
connected  the  windings  in  series  for  high  voltage. 

Delta-connected  motors.  The  symbol  for  a  delta- 
connected  motor  is  the  Greek  letter  delta  A.  Figure  1-11 
shows  a  dual-voltage  delta-connected  motor.  Leads  10,  11, 
and  12  are  connected  inside  the  motor  to  leads  1,2,  and  3 
respectively.  Leads  1  through  9  are  brought  out  in  the 
terminal  box  of  the  motor. 

Figure  1-12  shows  a  schematic  diagram  of  a  delta- 
connected  motor  for  high  voltage  (440  volts).  This  is 
accomplished  by  connecting  leads  4-7  together  and  taping 
the  connection.  Leads  5-8  and  6-9  are  also  spliced  and 
taped.  Leads  1 ,  2,  and  3  are  connected  to  the  power  source. 
This  configuration  has  the  windings  placed  in  series  for 
high  yoltage. 


Figure  1-13  shows  a  schematic  diagram  of  a  delta- 
connected  motor  for  low  voltage.  Connecting  leads  1-6-7, 
2--4-8,  and  3-5-9,  in  this  manner,  places  the  windings  in 
parallel.  Therefore,  we  will  have  a  higher  current  draw 
when  connected  for  low  voltage.  Remember,  leads  10,  11, 
and  12  are  connected  inside  the  motor  to  leads  1,2,  and  3. 

As  you  can  see  by  the  schematic  diagrams,  placing  the 
windings  in  series  offers  more  impedance  than  the  parallel 
connection.  Therefore  a  motor  connected  for  low  voltage 
(connected  in  parallel)  will  draw  more  current  than  if 
connected  for  high  voltage.  You  should  understand  that  the 
current  flow  through  each  coil  will  be  the  same  for  high-  or 
low-voltage  connections.  Figure  1-14  shows  voltage  drop 
across  each  coil  for  high-  and  low-voltage  connections. 

Remember,  you  must  have  3ct)  power  in  order  to  operate 
a  3(j)  motor.  Most  3ct)  motors  are  dual  voltage,  which 
enables  them  to  operate  on  most  3(t)  systems;  for  example 
3<t>r-220,  440,  and  277/480  voltage  systems. 

To  determine  the  direction  of  rotation  of  a  3(|)  motor,  you 
should  start  it  before  the  load  is  connected.  If  the  rotation  is 
incorrect,  you  can  change  any  two  power  leads  to  reverse 
the  rotation  of  the  motor. 

Exercises  (404): 

1 .  What  are  the  twr  *-'pes  of  internal  connections  for  a  3(J> 
motor? 
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Figure  I-IO.  Wye-connected  motor  for  high  voltage. 


2.  What  is  the  symbol  for  a  wye-connected  motor?  A 
delta-connected  motor? 


5.  What  leads  of  a  Scj)  wye  motor  will  connect  to  the 
power  source  leads  when  connected  for  high  voltage? 


3.  How  are  the  windings  of  a  3(|)  dual-voltage  motor, 
whether  wye  or  delta,  connected  for  high  voltage? 


6.  What  lead  are  the  440-volt  3(t)  power  source  connected 
to? 


4.  Which  type  of  winding  connection  will  cause  a  motor         7.  How  many  leads  does  a  single-voltage  3<|>  motor 
to  draw  more  current,  series  or  parallel?  require?  A  dual-voltage  motor? 
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LINE 


LINE 
208/220  VOLTS 


HIGH  VOLTAGE 
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'T  n 

LINE 
440  VOLTS 


405,  State  the  types  and  give  operation  details  of  IcJ)  AC 
induction  motors. 

Most  of  the  motorized  appHances  and  machines  found  in 
the  home  are  equipped  with  Ic})  AC  motors.  Single-phase 
motors  range  from  a  fraction  of  a  horsepower  (hp)  up  to  10 
hp.  However,  you  will  rarely  find  one  over  2  hp.  Single- 
phase  motors  are  generally  divided  into  two  classes 
commutator  and  induction.  Let's  begin  with  the  induction 
type.  Of  all  AC  motors,  the  induction  motor  is  the  most 
widely  used.  Its  design  is  simple  and  sturdy.  One  of  the 
major  differences  between  a  Ic})  and  a  3c})  motor  is  tha:  the 
motor  requires  some  starting  means,  whereas  the  3^ 
motor  does  not. 

Split-phase  motors.  Split-phase  motors  are  usually  just 
fractional  hp  and  are  used  to  operate  such  devices  as 
washing  machines,  small  pumps,  dryers,  and  blowers. 

Basically,  a  split-phase  motor  is  constructed  the  same  as 
a  3(})  motor.  It  has  a  stator,  squirrel-cage  rotor,  and  two 
endbells.  The  windings,  however,  are  located  and 
connected  differently  than  they  are  in  a  3^  motor.  A 
centrifugal  switch  is  also  used  during  starting  (fig.  1-15).  A 
rotating  part  of  the  centrifugal  switch  is  located  on  the 
rotor,  and  a  stationary  part  (containing  a  set  of  contacts)  is 
located  in  the  endbell. 

The  rotating  part  of  a  centrifugal  switch  is  a  mechanism 
that  relies  on  motion  and  flyweights  to  operate.  As  the  rotor 
turns,  the  flyweights  are  pulled  out  by  centrifugal  force. 
This  applies  pressure  to  the  closed  contacts  of  the  switch, 
causing  them  to  open.  These  contacts  are  in  series  with  the 
start  winding.  The  opening  of  the  contacts  will  deenergize 
the  start  winding. 


Figure  I-l  I .  Three-phase  delta  connection. 
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Figure  1-12.  Delta-connected  motor  for  high  voltage. 
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  440  Volts   

Four  coils  in  series  connected 
to  440  Volts  power 
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220  Volts 


Two  sets  of  coils  in  parallel 
connected  to  220  Volts 
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Figure  1-14.  High-  and  low-voltagc  motor  connections. 
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CENTRIFUGAL  MECHANISM  (ROTATING  ELEMENT) 

CENTRIFUGAL  SWITCH  (STATIONARY  ELEMENT) 


Figure  1-15.  Components  of  a  centrifugal  switch. 


Figure  1-16  is  a  schematic  diagram  of  a  split-phase 
motor.  The  split-phase  motor  has  two  windings.  One 
winding  is  located  at  the  bottom  of  slots  in  the  stator,  and  is 
called  the  run  winding  or  the  main  winding.  The  other 
winding  is  called  the  start  winding  and  is  located  in  the 
stator  centered  between  and  laid  on  top  of  the  run  winding. 
The  start  winding  and  the  run  winding  are  connected  to 
power  until  the  motor  reaches  75  percent  of  its  maximum 
rpm.  The  centrifugal  switch  then  disconnects  the  start 
winding  from  the  power.  The  run  winding  is  made  up  of 
many  turns  of  heavy  copper  wire;  the  start  winding  is  made 
up  of  fewer  turns  of  smaiier  wire.  If  the  start  winding  is  not 
disconnected  after  a  short  period  of  time,  it  will  bum  up. 

When  voltage  is  applied  to  both  the  start  winding  and  run 
winding,  the  current  in  the  run  winding  lags  the  voltage 
more  than  the  current  in  the  start  winding.  This  creates  a 
rotating  magnetic  field  inside  the  stator.  The  rotating 
magnetic  field  induces  a  current  in  the  rotor  which  sets  up 
an  opposing  magnetic  field.  The  magnetic  fields  combine  in 
such  a  manner  as  to  cause  rotation  of  the  rotor.  The  start 
winding  is  used  only  for  starting  the  raotor.  After  the  rotor 
reaches  a  certain  rpm,  the  start  winding  is  disconnected  by 
the  centrifugal  switch.  After  the  start  winding  is  cut  out,  the 
motor  operates  on  a  shifting  magnetic  field.  The  run  current 
is  shifting  from  positive  to  negative  and  back  to  positive. 

Capacitor-start  motors.  A  canacitor-start  motor  (see 
schematic  diagram  in  fig.  1-17)  is  an  improved  version  of 
the  basic  split-phase  type  of  motor.  The  only  difference  is 
that  an  intermittent  type  of  capacitor  is  connected  in  series 
with  the  start  winding.  When  the  motor  reaches  75  percent 
of  full  speed,  the  centrifugal  switch  cuts  out  the  start 
windings  and  the  capacitor.  The  capacitor,  along  with  the 
start  windings,  gives  the  motor  a  greater  starting  torque  than 
a  basic  split-phase  motor. 

To  create  a  starting  torque  in  a  capacitor  motor,  a 
stronger  rotating  magnetic  field  is  established  inside  the 
motor.  This  is  done  by  placing  the  start  winding  out  of 
phase  with  the  run  windings  by  more  electrical  degrees.  A 
capacitor  is  used,  causing  the  current  in  the  start  winding  to 
reach  its  maximum  value  before  the  current  in  the  run 


winding  becomes  maximum.  Actually,  the  capacitor  causes 
the  current  in  the  start  winding  to  lead  the  current  in  the  run 
winding.  This  causes  a  revolving  magnetic  field  in  the 
stator,  which  induces  a  current  in  the  rotor  and  causes  it  to 
rotate.  Remember,  when  the  motor  stops,  the  centrifugal 
switch  contacts  will  close  by  spring  pressure  so  that  the 
motor  can  be  started  again.  Capacitor-start  motors  are 
usually  furnished  in  ratings  from  1/6  to  I  hp  and  are  used  on 
compressors,  pumps,  fans,  and  machine  tools. 

Permanent-split  capacitor  motors.  The  permanent-split 
capacitor  motor  consists  of  a  standard  split-phase  type 
stator,  a  squirrel-cage  rotor,  a  capacitor,  and  endbells.  This 
is  another  version  of  the  basic  split-phase  motor.  A 
permanent-type  capacitor  is  connected  in  series  with  the 
start  windings  and  left  in  the  circuit  at  all  times  (see  fig.  l- 
18).  The  start  windings  in  this  motor  are  not  high-resistance 
windings  and  have  the  same  number  of  turns  and  wire  size 
as  the  run  windings.  The  capacitor  is  used  instead  of 
resistance  to  give  the  split-phase  effect.  This  eliminates  the 
need  for  a  centrifugal  switch  in  this  motor.  The  capacitor  is 
continuously  rated  and  is  selected  to  give  best  operation  at 
full  speed  while  sacrificing  starting  torque.  The 
permanent-split  capacitor  motor  has  the  operating 
characteristics  of  poor  starting  torque  with  a  high  current 
draw.  Howeveyr,  it  runs  with  a  good  torque  unaer  load 
conditions  and  at  a  constant  speed. 

Shaded  pole  motors.  The  shaded-pole  motor  is  a  single- 
phase  induction  motor  that  uses  a  different  method  to 
produce  starting  torque.  Instead  of  a  separate  winding  like 
the  the  split-phase  and  capacitor  motors,  the  shaded-pyole 
motor's  start  winding  consists  of  a  copper  band  placed 
across  one  tip  of  each  stator  pole.  See  figure  1-19.  This 
copper  band  has  the  characteristic  of  delaying  the  magnetic 
field  through  that  portion  of  the  pole.  When  AC  power  is 
applied,  the  main  pole  reaches  its  polarity  before  the  shaded 
portion  of  the  pole.  This  causes  the  shaded  poles  to  be  out 
of  phase  with  the  main  poles,  and  a  weak  rotating  magnetic 
field  is  produced.  Due  to  the  low  starting  torque,  it  is  not 
feasible  to  build  motors  of  this  type  larger  than  1/20  hp. 
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Figure  1-17.  Capacitor-start  motor  schematic. 
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Figure  I-I8.  Permanent-split  motor  schematic. 
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4.  How  is  the  addition  of  a  capacitor  in  the  start  winding 
of  a  capacitor-start  motor  beneficial? 


:5.  At  what  percentage  of  full  speed  will  the  centrifugal 
switch  op>en? 


6.  What  type  of  AC  motor  uses  a  capacitor  in  series  in  the 
start  winding  but  no  centrifugal  switch? 


FLUX  PATH 


•RA  PD  258519 


Figure  1-19.  Shaded-pole  stator. 


They  aie  used  with  small  fans,  timers,  and  various  light- 
load  control  devices. 

Remember  all  lc|)  induction  motors  have  some  auxiliary 
means  to  provide  the  motor  with  starting  torque.  The 
methods  used  for  this  starting  torque  greatly  depend  on  the 
application  of  the  motor. 

Exercises  (405): 

1 .  List  the  two  windings  found  in  a  split-phase  motor. 


7.  In  what  devices  are  shaded-pole  motors  used? 


8.  What  is  the  purpose  of  a  shaded-pole  in  a  shaded-pole 
motor? 


406.  Describe  the  types  and  operation  of  single-phase 
AC  commutator  motors. 

Types  of  lc|)  Commutator  Motors.  Single-phase 
commutator  motors  have  a  drum- wound  armature,  a 
commutator,  and  brushes.  Of  these,  we  win  discuss  the 
repulsion-type  motors  and  the  universal  motor,  let's  start 
with  the  repulsion-type  motors  which  are  generally  divided 
into  three  classes:  (1)  the  repulsion  motor,  (2)  repulsion 
-start  induction-run  motor,  and  (3)  the  repulsion-induction 
motor.  The  similarity  of  names  sounds  confusing,  but  each 
class  is  designed  for  different  applications. 

Simple  repulsion  motors,  A  simple  repulsion  motor 
consists  of  a  single  concentric-type  stator,  a  wound  rotor,  a 
commutator,  two  carbon  brushes,  compensating  windings, 
and  endbells.  See  the  schematic  wiring  diagram  in  figure 
1-20.  The  stator  windings  and  the  compensating  windings 
are  connected  in  series.  The  compensating  windings  are 
used  to  improve  the  power  factor  i..       motor.  Two  carbon 
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2.  What  is  the  purpose  of  the  centrifugal  switch  in  a 
split-phase  motor? 


3.  How  are  the  contacts  of  the  centrifugal  switch 
connected  in  relation  to  the  start  winding? 


CARBON 
BRUSH 


COMPENSATING  WINDING 


Figmc  1-20.  Simple  repulsion  motor  schematic. 
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brushes  are  short  circuited  to  each  other.  A  simple  repulsion 
motor  has  the  operating  characteristics  of  high  starting 
torque  and  low  starting  current  draw.  Although  its  starting 
torque  is  useful,  its  large  variation  of  speed  with  load  is  not 
desirable  in  many  applications.  This  motor  is  commonly 
made  in  sizes  from  I  to  10  hp  and  is  used  to  power  such 
loads  as  conveyors,  small  compressors,  and  woodworking 
equipment. 

Repulsion-start  induction-run  motors.  The  repulsion- 
start  induction-run  motor  consists  of  a  single  concentric- 
type  stator,  a  wound  rotor,  compensating  windings,  a 
centrifugal  device,  and  endbells.  This  type  of  repulsion 
motor  uses  four  carbon  brushes.  Two  are  short  circuited 
together;  the  other  two  brushes  are  connected  in  series  with 
the  compensating  wind.  The  comp>encating  windings  in  this 
motor  are  used  to  improve  the  power  factor  during  the 
starting  period. 

The  centrifugal  device  used  in  this  motor  consists  of  a 
ahorting  ring  and  a  brush-lifting  mechanism.  As  the  motor 
reaches  approximately  75  percent  of  its  rated  speed,  the 
centrifugal  device  forces  the  short-circuiting  ring  into 
contact  with  the  inner  surface  of  the  commutator  segments 
and  converts  the  motor  into  an  induction  motor.  At  the  same 
tiiPe,  the  centrifugal  mechanism  raises  the  brushes,  which 
reduces  wear  of  the  brushes  and  commutator.  This  motor 
has  the  operating  characteristics  of  high  starting  torque  with 
a  low  current  draw  and  a  constant  running  speed  under  load. 
The  repulsion-start  induction-run  rotor,  shown  in  figure  1- 
21,  is  made  in  sizes  from  1/4  to  10  hp  and  is  used  to  power 
such  loads  as  compressors,  fans,  pumps,  stokers,  and  farm 
machinery. 

Repulsion-induction  motors.  The  repulsion-induction 
motor  consists  of  a  single,  concentric-type  stator,  a 
combination  rotor,  a  commutator,  brushes,  compensating 
windings,  anil  endbells.  This  type  of  motor  has  four  carbon 
bnishes.  Two  are  short  circuited  together;  the  other  two  are 
in  scries  with  the  sating  windings.  The  compensating 
windings  in  this  motor  are  used  to  improve  the  power  factor 
of  the  motor  and  to  reduce  some  of  the  sparking  at  the 


brushes.  This  motor  does  not  have  a  centrifugal  switch  or 
device  but  instead  has  a  squirrcl-cage  winding  on  its  rotor  in 
addition  to  a  wound  rotor.  Rotors  of  this  type  are  called 
combination  rotors.  The  squirrel -cage  winding  is  placed 
underneath  the  wound  rotor  section  and  is  so  constructed  as 
to  have  high-inductive  reactance.  At  low  speeds,  very  little 
cun«nt  flows  in  the  squirrel  ':age  windings  and  the  motor 
starts  as  a  repulsion  motor.  When  the  motor  reaches 
op>erating  speed,  the  frequency  of  the  induced  rotor  currents 
is  low  so  that  current  flows  more  in  the  squirrel-cage 
winding  and  the  motor  operates  as  an  induction  motor.  This 
motor  has  the  operating  characteristics  of  high  starting 
torque  with  a  low  current  draw  and  a  constant  running  speed 
under  load.  The  major  disadvantage  of  this  motor  is  that  the 
brushes  remain  on  the  commutator',  causing  arcing,  thus 
increasing  maintenance.  The  type  of  repulsion-induction 
motor  diagrammed  in  figure  1-22  is  available  up  to  10  hp 
and  is  used  to  power  such  loads  as  printing  presses,  textile 
machines,  and  laundry  extractors.  To  reverse  the  direction 
of  rotation,  the  brushes  must  be  shifted  past  the  neutral 
plane. 

Universal  motors.  A  universal  motor  is  one  that  can 
operate  on  either  single-phase  AC  or  DC  power.  These 
motors  are  normally  made  in  sizes  for  special  conditions. 
The  fractional  horsepower  sizes  are  used  on  vacuum 
cleaners,  sewing  machines,  food  mixers,  and  power 
handtools.  There  are  several  types  of  universal  motors; 
however,  the  salient-pole  type  is  more  popular  than  the 
other  types. 

The  ^alient-pole  type  consists  of  a  stator  with  two 
concentrated  field  windings,  a  wound  rotor,  a  commutator, 
and  brushes.  The  stator  and  rotor  windings  in  this  motor  are 
connected  in  series  with  the  power  source.  There  are  two 
carbon  brushes  in  this  motor  that  remain  on  the  commuti,tor 
at  all  times.  These  two  brushes  are  used  to  connect  the  rotor 
windings  in  series  with  the  field  windings  and  the  power 
source.  See  the  schematic  in  figui  1-23. 

The  universal  motor  does  not  operate  at  a  constant  speed. 
The  motor  runs  as  fast  as  the  load  permits — low  speed  with 
a  heavy  load  and  high  speed  with  a  light  load.  Universal 


gure  I-2I .  Repulsion-Start  induction-nin  rotor.  Figure  |-22.  Single-phas'r  repulsion-induction  motor  schematic. 
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Figure  1-23  Universal  motor  schematic. 


5.   Why  docs  a  repulsion-induction  motor  start  as  a 
repulsion  motor? 


6.   What  causes  a  repulsion-induction  motor  to  operate  as 
an  induction  motor? 


7.   What  factor  determines  the  operating  spc  ^  of  a 
universal  motor?  Explain. 


8.  What  type  of  motor  can  operate  on  either  AC  or  DC 
power? 


motors  have  the  highest  horsepower-to-weight  ratio  of  all 
the  types  of  electric  motors. 

The  operation  of  a  universal  motor  is  .nuch  like  that  of  a 
series  DC  motor.  Since  the  field  winding  and  armature  are 
connected  in  series,  both  the  field  winding  and  armature 
winding  are  energized  when  voltage  is  applied  to  the  motor. 
Both  windings  produce  magnetic  fields  which  react  to  each 
other  and  cause  the  armature  to  rotate.  The  reaction 
between  these  magnetic  fields  is  caused  by  either  AC  or  DC 
power. 

Exercises  (406): 

I.  List  the  three  kinds  of  repulsion-type  commutator 
motors. 


2.  What  are  the  operating  characteristics  of  a  simple 
repulsion  motor? 


3.  Which  type  of  repulsion  motor  would  power 
conveyors,  small  compressors,  and  woodworking 
equipment? 


4.  What  purpose  do  the  compensating  windings  in  a 
repulsion-start  induction-run  motor  serve? 


407.  State  the  procedures  necessary  for  the  connection 
of     AC  motors. 

Single-Phase  AC  Motor  Connections.  Single-phase 
AC  motors  are  manufactured  for  single-voltage  or  dual- 
voltage  situations.  They  can  also  be  reversible  or 
nonreversible  in  operation.  These  \^  AC  motors  are  usually 
made  to  operate  on  a  common  1<})  AC  voltage;  for  example, 
120  volts.  208  volts,  or  240  volts. 

The  single  voltage,  nonreversible-type  AC  motor  will 
have  only  two  leads,  Tl  and  T2.  The  single  voltage 
reversible  motor  will  have  four  leads  numbered  Tl ,  T2,  T5 
and  T8.  A  dual-voltage  nonreversible  motor  will  have  four 
leads  numbered  Tl,  T2,  T3,  and  T4.  The  dual  voltage 
reversible  motor  leads  will  be  numbered  Tl,  T2,  T3,  T4, 
T5,  and  T8.  Leads  numbered  6  and  7  are  terminals  of  coils 
which  are  usually  connected  internally. 

In  order  to  operate  a  dual-voltage  motor  on  high  voltage, 
the  run  windings  must  be  connected  in  series  as  shown  in 
figure  1-24.  Leads  Tl  and  T2  go  to  one  set  of  windings, 
while  T3  and  T4  go  to  another  set.  Connecting  T2  and  T3 
together  connects  the  run  windings  in  series  for  240-volt 
use.  Connecting  Tl  and  T3,  and  T2  and  T4,  as  shown  in 
figure  1-25,  is  connecting  the  motor  for  120-volt  operation. 
Figures  1-24  and  1-25  show  no  external  terminal  leads  for 
the  start  winding  because  the  connections  are  made 
internally.  Therefore,  this  motor  will  be  a  dual-voltage 
nonreversible  tyv  e. 

The  start  winding  is  always  connected  in  parallel  with  the 
run  winding,  regardless  of  which  voltage  (high  or  low)  is 
connected  to  the  motor.  Remember,  the  start  winding 
cannot  at  any  time  have  more  than  120  volts  across  it.  In  a 
reversible  type  motor,  lerHs  T5  and  T8  will  be  externally 
available  in  the  terminal  box.  To  change  rotation  of  a  10 
motor,  we  must  change  the  direction  of  the  current  flow  in 
the  start  winding  in  relation  to  the  run  ^.vinding.  This  can  be 
done  by  interchanging  leads  T5  and  TS,  which  will  change 
the  current  flow  in  the  start  v/inding  and  reverse  the  rotating 
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3.  The  start  winding  must  always  he  connected  in 
,  to  the  run  windings. 


4.  What  leads  arc  reversed  to  change  the  rotation  of  a 
single-phase  reversible  induction  motor? 
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Figure  1-24.  High- voltage  connections. 


magnetic  field.  Of  course,  you  can  do  reversing  procedures 
only  when  the  start  windings  lead  are  externally  available. 

Exercises  (407): 

1.  How  many  external  leads  are  necessary  for  a  single- 
voltage,  nonreversible-type  l<j>  motor? 


2.  To  connect  a  dual-voltage  motor  for  high  voltage,  the 

run  winding  must  be  connected  in  

(Series  of  parallel) 


120- VOLT 
SOURCE  OF  POWER 


STARTING  WINDING 


f^woo<rowowo7r(r^ 


CENTRIFUGAL 
SWITCH 


8 


RUNNING  WINDING 


^       (TO  OKJOIJO  OWOW 


120 -VOLT 


Figure  1-25.  Low- voltage  connections. 
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1  -2.  Motor  Controls 

In  this  section,  we  will  discuss  sonic  of  the  common  AC 
motor  controllers.  The  term  controller  refers  to  any  switch 
or  device  normally  used  to  start  and  stop  a  motor.  A 
controller  can  be  very  simple  or  very  complex,  depending 
on  the  situation.  As  an  electrician,  you  will  be  responsible 
for  insuring  that  motors  and  their  controls  are  operating 
properly.  In  order  to  do  this,  you  will  need  to  understand 
how  controls  work. 

408.  List  the  types  of  manual  across-the-Iine  motor 
controls  and  state  how  they  operate. 

Across-the-Iine  controls  are  devices  which  will  start, 
stop,  and  usually  protect  a  motor.  To  stop  and  start  a  motor, 
an  across-the-Iine  control  must  contain  a  device  which  will 
make  and  bre-^k  contacts  in  the  supply  lines  to  the  motor.  In 
addition,  the  control  will  normally  provide  some  form  of 
motor  current  protection.  Across-the-Iine  AC  motor 
controls  are  generally  of  two  types:  (1)  manual  or  (2) 
magnetic. 

Manual  Control.  A  manual  control  is  a  device,  either 
hand  Oi  mechanically  operated,  for  controlling  a  motor 
from  a  single  point.  This  is  done  by  moving  a  switch  or 
pushing  a  button.  Each  controller  must  be  capable  of 
starting  and  stopping  the  motor  which  it  controls.  The 
manual  control  can  be  a  plain  switch  with  or  without 
overload  protection.  The  term  overload  protection  refers  to 
a  device  sensitive  to  motor  current.  This  device  is  designed 
to  protect  the  motor  windings  by  interrupting  the  current 
flow  when  an  overload  situation  exists.  Manual  controllers 
can  be  used  to  control  both  lc|)  and  3c|)  motors.  They  are 
generally  limited  to  small  horsepower  applications. 

Toggle  switches.  A  toggle  switch  or  light  switch  is 
usually  used  to  control  a  small  motor.  It  must  be  connected 
to  open  the  ungrounded  conductors  in  the  circuit.  To 
operate  a  240- volt  motor  with  two  ungrounded  conductors, 
you  would  use  a  double-pole  switch  to  open  both 
ungrounded  (hot)  conductors  simultaneously.  In  a  120- volt 
circuit,  only  a  single-pole  switch  is  necessary  to  open  the 
ungrounded  conductor.  A  bathroom  exhaust  fan  or  garbage 
dir>posal  operated  by  a  toggle  switch  is  a  good  example  of 
this  type  of  control.  Remember,  a  toggle  switch  is  limited 
to  the  size  motor  it  can  safely  control.  The  motor  is 
prote<:ted  by  a  branch  circuit  overcurrent  protection  device, 
which  is  the  circuit  breaker. 

Fused  Safety  Switch.  The  fused  safety  switch  or 
disconnect  switch  can  be  used  on  small  1(|)  or  ?(|)  motors.  It 
operates  on  the  same  principle  as  the  toggle  switch.  It  must 
be  connected  to  open  all  ungrounded  (or  hot)  conductors  to 
the  motor. 

Pushbutton  controllers.  The  schematic  for  a  manual 
pushbutton  controller  with  overload  protection  is  shown  in 
figure  1-26.  In  this  case,  the  controller  is  connected  to  a 
device  which  connects  or  disconnects  both  ungrounded 
conductors  to  the  motor.  It  has  a  start  and  stop  button  that 
mechanically  opens  or  closes  the  contacts.  Pressing  the  start 
button  closes  both  contacts  and  pressing  the  ^top  button 
opens  both  contacts.  The  control  has  two  ovciioad  devices 
connected  in  series  with  the  contacts.  If  an  overload 
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Figure  1-26.  Schematic  for  a  IcJ)  manual  controller  with  overload  protection. 


condition  occurs,  either  overload  device  will  open  both  sets 
of  contacts.  A  typical  application  of  this  type  of  control 
would  be  to  control  small  machine  tools. 

Three-phase  manual  controllers.  Manual  controllers 
used  to  control  3c|)  motors  have  three  separate  line 
terminals,  one  for  each  ungrounded  conductor.  These  three 
terminals  are  connected  internally  to  three  separate  sets  of 
mam  contacts  which  are  used  to  manually  open  and  close 
the  circuit  to  the  motor.  When  the  controller  has  overload 
protection,  it  has  an  overload  device  installed  in  series  with 
each  main  set  of  contacts.  The  overload  devices  respond  to 
an  overload  condition  by  opening  all  main  contacts  and 
disconnecting  the  motor,  the  same  as  the  pushbutton 
controller  did. 

The  three  line  termirals  are  usually  labeled  LI,  L2,  and 
L3.  These  terminals  are  points  at  which  the  supply 
conductors  are  attached.  The  three  load  terminals  are 
usually  labeled  Tl ,  T2,  and  T3  and  are  the  points  where  the 
conductors  supplying  the  motor  are  attached. 

Drum  control.  The  drum  control  is  a  manual  control 
normally  used  to  change  the  rotation  of  a  motor.  The  drum 
control  is  a  lever-operated,  three-position  switch.  The 
center  position  is  usually  the  off  position  with  the  right  and 
left  positions  forward  and  reverse  respectively.  Figure  1-27 
shows  a  schematic  of  a  3(j)  drum  control  with  its  internal 
contacts.  You  can  see  in  the  right  half  of  the  figure  that  the 
LI  contact  f  ds  motor  lead  Tl .  L2  feeds  motor  lead  T2  and 
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Figure  !-27.  Reverse  and  forward  dnim  control  positions, 


L3  feeds  motor  lead  T3.  On  the  left  side  of  the  figure,  LI 
and  L2  have  reversed  their  respective  motor  lead  contacts. 
L3  is  still  feeding  T3.  What  we  have  done  is  reversed  2 
power  leads  to  our  motor. 

A  1<J)  motor  can  utilize  the  same  drum  control,  but  four  or 
five  conductors  are  required  from  the  motor  to  the  control, 
depending  on  the  requirement  for  high  or  low  voltage 
operation.  Always  refer  to  the  cover  of  the  control  for  a 
schematic  of  the  connections  required  for  a  specific  motor 
installation. 

All  normal  controllers  have  two  basic  characteristics: 

a.  When  activated,  they  will  energize  the  motor  circuit 
until  they  are  normally  deenergized. 

b.  When  an  overload  occurs  in  the  motor  circuit,  the 
circuit  protection  should  open  or  the  built-in  overload 
contacts  should  open. 


Exercises  (408): 

1.  List  the  two  types  of  across-the-line  AC  motor 
controls. 


2.  What  is  a  manual  motor-control  device? 


3.  How  are  the  overload  devices  connected  in  a  three- 
phase  manual  controller? 


4.  The  manual  pushbutton  controller  has  

 -  to  react  to  excess  motor  current. 


5.  The  three  line  terminals  of  a  34>  manual  controller  are 
labeled  in  what  manner? 


6.  What  is  the  purpose  of  the  drum  control? 


409.  Name  and  state  the  purpose  of  the  parts  of  a 
magnetic  control,  and  give  specific  details  about 
selecting  heaters  for  motors. 

Magnetic  Controls.  Another  across-the-line  motor- 
control  device  that  you  can  use  is  the  magnetic  control.  This 
control,  or  starter,  is  operated  magnetically  and  connects 
the  motor  across  the  line  using  an  electromagnet  to  close  the 
main  or  load  contacts.  This  type  of  starter  provides  a  safe, 
convenient,  and  economical  means  for  controlling  an 
electric  motor.  Magnetic  controls  are  the  most  commonly 
used  starters  and  offer  the  advantage  of  being  controllable 
with  an  automatic  device  or  a  remote  control.  A  magnetic 
control,  commonly  called  an  across-the-line  magnetic 
starter,  consists  of  two  main  sections:  the  contactor  and  the 
overload  relay. 

The  contactor.  The  contactor  consists  of  the  following 
parts:  an  operating  (or  holding)  coil  and  armature,  ;nain  and 
auxiliary  contacts,  and  terminals.  The  coil  is  the  stationary 
portion  of  the  contactor  and  uses  a  laminated  iron  core  and  a 
winding  to  produce  an  electromagnetic  effect.  The  armature 
is  the  Hiovable  portion  of  the  contactor  which  is  attracted  to 
the  operating  coi!  when  the  coil  is  energized.  One  side  of 
the  main  contacts  are  connected  to  the  armature,  and  the 
other  side  of  the  main  contacts  are  stationary.  When  the 
electromagnetic  coil  is  energized,  it  sets  up  a  magnetic  field 
attracting  the  armature.  This  closes  the  main  or  load 
contacts  and  completes  the  circuit,  thus  starting  the  motor. 
Shaded  rings  are  placed  on  the  stationary  core  to  provide  a 
time  delay  in  the  loss  of  flux,  thus  preventing  contact 
chatter  and  wear  in  the  moving  parts  of  AC  magnetic 
starters.  Figure  1-28  shows  a  line  drawing  of  the  basic  parts 
of  a  magnetic  contactor. 

The  auxiliary  contacts  or  holding  contacts  are  also 
located  on  the  contactor.  They  are  usually  joined  by  an 
insulated  connecting  bar  so  that  all  contacts,  both  main  and 
auxiliary,  will  close  when  the  holding  coil  becomes 
energized. 

The  contactor  also  provides  terminals  for  the  attachment 
of  the  supply  conductors.  These  terminals  usually  are 
identified  with  the  letter  *'L".  For  example,  terminals  LI 
and  L2  are  the  supply  conductor  terminals  of  a  Ic))  magnetic 
starter.  The  auxiliary  contacts  also  have  terminals. 
Auxiliary  terminals  are  used  to  attach  the  conductors  from 
control  devices  and  are  identified  with  the  numbers  2  and  3. 
Auxiliary  contacts  will  be  oiscussed  in  more  detail  later. 

Overload  relay.  Nearly  all  magnetic  starters  are 
equipped  with  an  overload  device  or  overload  relay  to 
protect  the  motor  from  excessive  current  in  a  running 
situation.  Current-sensitive  elements  of  the  overload  relay 
are  connected  either  directly  or  indirectly  and  act  to 
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Figure  1-28.  Magnetic  contactor. 


deenergize  the  starter  and  stop  the  motor  when  excessive 
current  is  drawn. 

The  basic  requirement  for  overload  protection  is  that  the 
motor  be  allowed  to  carry  its  full-rated  load  aiid  yet  prevent 
any  prolonged  or  serious  overload.  When  a  motor  is 
overloaded  mechanically,  motor  current  increases,  which  in 
turn  increases  the  temperature  of  the  motor  and  its 
windings.  The  same  increases  in  current  and  temperature 
are  caused  by  the  loss  of  one  phase  on  3cJ>  motors,  or  a 
partial  fault  in  the  motor  windings.  Therefore,  to  give  full 
over-load  protection,  we  need  only  to  sense,  or  measure, 
the  current  draw  by  the  motor  and  break  the  circuit  when 
this  current  exceeds  the  rated  value  for  the  motor. 

There  are  two  basic  types  of  overload  relays,  thermal  ari 
magnetic.  The  first  is  a  unit  which  is  sensitive  to  heat.  This 
unit  may  be  a  bimetallic  type  or  melting-alloy  type.  The 
second  type  uses  a  magnetic  device  and  is  sensitive  to  motor 
ci  -ent.  (The  principle  involved  is  the  same  as  that  for 
thermal  and  magnetic  circuit  breakers  covered  in  Volume 
2.) 

Regardless  of  which  type  of  device  is  used,  it  is  activated 
by  an  excessive  current  flow  in  the  motor.  When  one  of 
these  devices  detects  an  excessive  current,  it  will  react  by 
opening  a  set  of  reset  contacts  «vhich  arc  in  series  with  the 
holding  coil.  This  causes  the  holding  coil  to  decneigize  and 
open  the  main  or  load  contacts. 

Overload  relays  must  be  reset  after  each  tripping,  either 
automatically  or  manually.  The  automatic  reset  type  should 
not  be  used  except  on  equipment  that  is  so  designed  that 
there  can  be  no  danger  to  life  or  equipment  from  the 
restarting  of  the  motor. 

To  better  understand  the  overload  relay,  let's  look  at  each 
type  individually. 

a.  Thermal  overload  relays.  Thermal  relays  are  usually 
of  the  bimetallic  or  melting  fijloy  types.  The  bimetallic  type 
is  constructed  of  two  dissimilar  metals  which,  when  heated, 
bend  due  to  the  different  rate  of  expansion  of  the  two 
metals.  A  heating  element  in  the  motor-line  circuit 
generates  the  heat  necessary  to  activate  the  strip.  Current  in 


excess  of  the  desired  amount  causes  deflection  of  the 
bimetallic  strip  to  the  extent  that  the  contacts  spring  apiu. 
thus  opening  the  holding  coil  circuit.  Figure  1-29  is  a  line 
drawing  of  bimetallic  overioad  relay.  A  reset  button  is 
depressed  to  reactivate  the  mechanism  when  the  strip  has 
cooled  to  operating  tolerance. 

The  melting-alloy  overload  relay  employs  a  heating  coil 
connected  in  the  motor-line  circuit.  See  figure  1-30.  The 
heat  caused  by  excessive  current  in  the  motor  ciircuit  melts 
the  metal  alloy  (similar  to  solder)  releasing  the  spring- 
loaded  shaft.  The  shaft  is  then  capable  of  turning.  This 
permits  the  reset  contacts  to  open,  thereby  disrupting 
service  to  the  motor.  When  the  alloy  has  cooled  and 
solidified  sufficiently,  the  motor  may  be  restarted  by 
depressing  the  reset  button.  A  laboratory  example  of  the 
melting  alloy  principle  is  shown  in  figure  1-30.  The  main 
advantage  of  the  melting-alloy  relay  over  the  bimetallic 
type  that  is  its  amperage  rating  doesn't  vary  after  repeated 
heatings.  ^ 

b.  Magnetic  overload  relays.  The  magnetic  overload 
relay  consists  of  a  coil,  a  plunger,  a  dashpot.  and  a  set  of 
contacts.  See  figure  1-31.  The  coil  is  connected  in  series 
with  the  motor.  When  a  determined  amount  of  current 
passes  through  the  coil,  the  magnetic  field  will  puli  the 
plunger  up,  causing  the  contacts  to  open.  By  adjusting  the 
length  of  the  plunger,  the  amount  of  current  required  to  pull 
the  plunger  up  can  be  varied.  An  oil-filled  dashpot  is  added 
to  provide  a  time  delay.  A  plate  on  the  bottom  of  the 
plunger  is  submerged  in  the  oil  and  acts  as  a  piston.  The 
plate  has  holes  in  it  that  can  be  adjusted  in  size  to  change 
the  time  delay.  When  the  coil  pulls  the  plunger  up,  the  oil 
must  flow  Qirough  the  hole  in  the  plate  as  the  plunger  rises. 
By  changing  the  size  of  the  hole,  the  time  delay  can  be 
increased  or  decreased.  Quick  tripping  is  obtained  through 
the  use  of  a  light  grade  dashpot  oil. 

Selecting  Heaters.  The  overload  relay  sizt  is 
determined  by  the  fulMoad  currei  t  of  the  motor  it  protects. 
When  selecting  the  heaters  to  protect  a  motor,  you  should 
check  the  motor  data  plate  to  find  the  fulMoad  current. 
Each  manufacturer  normally  puis  a  heater  selection  table  in 
the  controller  cover.  Heaters  are  not  identified  by 
ainperage,  but  by  the  manufacturer's  catalog  number.  By 
using  the  full-load  current  of  the  motor  and  referring  to  the 
manufacturer's  table,  the  proper  heater  can  b«  selected. 
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Figure  1-30.  Melting-alloy  thermal  overload  relay. 
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Exercises  (409): 

1.  What  are  the  two  main  parts  of  an  across-the-line 
magnetic  starter? 


2.  What  part  of  the  contractor  attracts  the  armature? 


3.  What  is  the  purpose  of  the  shaded  ring  on  the 
stationary  core  of  the  armature? 


4.  List  the  two  basic  types  of  overload  relays. 


Figure  1-3 1.  Magnetic  overload  relay. 


5.  What  are  the  two  basic  types  of  t!  ^rmal  overload 
relays? 


The  overload  relay  also  provides  terminals  for  the 
attachment  of  the  supply  conductors.  These  terminals 
usually  are  identified  with  the  letter  **T/'  For  example, 
terminals  Tl  and  T2  zx^  the  load  terminals  of  a  single-phase 
magnetic  starter  and  provide  a  point  to  connect  the 
conductors  supplying  the  motor. 


6.  How  can  you  find  the  full  load  current  rating  of  a 
motor? 
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410.  State  selected  details  of  the  operation  of  magnetic 
across-the-line  motor  controls. 

Operation.  The  operation  of  an  across-the-line 
magnetic  starter  is  fairly  simple.  When  the  electromagnetic 
coil  is  energized,  it  sets  up  a  magnetic  field  attracting  the 
armature.  When  the  armature  moves  toward  the 
electromagnet,  the  movable  contact  connects  with  the 
stationary  contact.  This  completes  the  circuit  to  the  motor 
and  the  motor  starts.  When  the  switch  in  the  circuit  which 
supplies  power  for  the  electromagnetic  coil  is  opened,  the 
coil  is  deenergized,  causing  a  loss  of  the  magnetic  force  and 
causing  the  spring  to  pull  the  contacts  apart.  Other  magnetic 
line  starters  will  have  more  contacts  and  motor 
overcurrent-protection  relays  and  may  depend  on  gravity  to 
open  the  contacts. 

The  across-the-line  magnetic  starter  contains  two 
electrical  circuits:  the  load  circuit  and  the  control  circuit. 
The  load  circuit  contains  the  main  or  load  contacts,  the  line 
terminals,  load  terminals,  and  the  heater  coil  portion  of  the 
overload  relay.  The  load  circuit  is  the  determining  factor  as 
to  the  size  of  motor  it  will  control.  It  must  have  a  larger 
rating  than  the  connected  motor.  The  control  circuit 
contains  the  holding  coil,  reset  contacts  of  the  overioad 
relay,  and  the  auxiliary  contacts.  The  control  circuit  is  the 
portion  of  the  magnetic  starter  that  performs  the  function  of 
starting,  stopping,  controlling,  and  protecting  a  motor.  In 
addition  to  the  starter  control  circuit  itself,  some  type  of 
control  unit,  generally  called  an  accessory,  must  be  used  to 
open  and  close  the  application  of  power  to  the  operating 
coil.  These  devices  will  generally  be  connected  using  a 
two-  or  three-wire  circuit. 

A  two-wire  control  circuit  receives  its  power  from  the 
incoming  leads  to  the  ^  mer.  The  basic  control  circuit  is  a 
series  circuit  from  LI ,  going  through  the  control  device,  the 
holding  coil,  and  the  overload  reset  contacts,  and  returning 
I  to  L2  or  to  neutral,  depending  on  the  voltage  rating  of  the 
coil.  Figure  1-32  shows  a  diagram  of  a  two-  wire  control 
circuit  using  a  single-pole  toggle  switch  as  a  control  device. 


The  magnetic  coil  is  connected  to  the  line  on  one  side 
through  the  overioad  reset  contacts  and  on  the  other  side 
tlirough  the  contacts  of  the  toggle  switch.  As  long  as  the 
contact  of  the  toggle  switch  remains  closed,  the  contactor 
will  be  energized.  When  the  contacts  of  the  toggle  switch 
open,  the  coil  will  be  deenergized  and  the  contactor  itself 
will  open.  Notice  that  when  an  overioad  occurs,  the 
overioad  relay  reset  contacts  will  open  and  this  will  remove 
the  holding  coil  from  the  circuit.  When  the  overioad  relay  is 
reset,  the  contactor  will  again  immediately  pick  up  because 
the  toggle  switch  is  in  the  closed  position. 

A  three-wire  control  circuJl  also  receives  its  power  from 
the  incoming  leads  to  the  starter.  This  circuit  uses  the  same 
components  as  the  two-wire  circuit,  except  that  the 
auxiliary  contacts  and  a  stop-start  station  are  introduced. 
Remember,  the  auxiliary  contacts  are  controlled  by  the 
holding  coil,  and  close  and  open  at  the  same  time  as  the 
main  contacts.  The  stop-start  station  is  a  manual  control 
device  containing  a  start  and  stop  button.  When  the  start 
button  is  pressed,  a  normally  open  set  of  contacts  is  closed; 
and  when  the  stop  button  is  pressed,  a  normally  closed  set 
of  contacts  is  opened.  Spring  action  returns  the  buttons  to 
their  original  position  when  finger  prcssim;  is  removed.  To 
operate  a  magnetic  starter  by  a  stop-start  station,  it  is 
necessary  to  connect  the  holding  coil  to  the  stop-start 
station  so  that,  when  the  start  button  is  pressed,  the  coil  will 
become  energized  and,  when  the  stop  button  is  pressed,  the 
holding  coil  circuit  is  opened. 

A  diagram  of  a  typical  across-the-line  magnetic  starter 
equipped  with  two  thermal  overioad  relays  and  connected 
to  a  stop-start  pushbutton  station  is  presented  in  figure  1-33. 
When  the  start  button  of  the  station  is  pressed,  it  completes 
the  circuit  from  LI  through  the  normally  closed  contacts  of 
the  overioad  relays  and  through  the  holding  coil  to  L2. 
Thus,  the  coil  is  energized  and  the  main  contacts  are  closed, 
connecting  the  motor  across  the  line.  This  action  also  closes 
the  auxiliary  contacts,  which  keep  the  holding  coil 
energized  after  the  finger  is  removed  from  the  start  button. 
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Figure  1-32.  Two-wire  control  circuit. 
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Figure  1-33.  Thrcc-wirc  control  circuit. 


Pressing  the  stop  button  opens  the  control  circuit  and  causes 
all  contacts  to  open.  If  a  prolonged  overload  should  occur 
during  the  operation  of  the  motor,  the  overload  relay 
contacts  will  open  and  deenergize  the  holding  coil.  If  an 
overload  condition  has  caused  the  relay  to  trip,  it  will  be 
necessary  to  reset  the  relay  contacts  by  hand  before  the 
motor  can  be  restarted. 

Single-phase  controller.  In  order  to  control  a  motor, 
a  1<|>  across-the-Iine  magnetic  starter  must  be  used.  The  Icj) 
starter  must  have  line  terminals  LI  and  L2  for  the 
connection  of  the  (line)  conductors  and  Tl  and  T2  for  the 
connection  of  the  motor  (load)  conductors.  A  motor- 
running  overload  protection  device,  such  as  an  overload 
relay,  thermal  or  magnetic,  must  be  installed.  In 
accordance  with  the  National  Electrical  Code  (NEC),  there 
must  be  one  overload  device  installed  in  either  ungrounded 
conductor  for  a  Icj)  AC  motor.  For  example,  a  208- volt 
two- wire  lc|)  system  has  two  ungrounded  conductors 
attached  to  LI  and  L2.  One  overload  device  must  be 
installed  in  series  with  each  one  of  these  ungrounded 
conductors.  Figure  1-34  shows  a  diagram  of  a  1^  across- 
the-Iine  magnetic  starter. 

Three-phase  controller.  In  order  to  control  a  3(|)  motor,  a 
3(|>  across  the  line  magnetic  starter  must  be  used.  The  3({> 
starter  will  have  line  terminals  LI,  L2,  and  L3  for  the 
connection  of  the  line  conductors  and  Tl,  T2,  and  T3  for 
the  connection  of  the  motor  load  conductors.  Like  the  14> 
controller,  the  3c|)  magnetic  start'^.r  must  also  have  an 
overload  relay  with  thermal  or  magnetic  cutouts.  The  NEC 
requires  that  one  of  the  previously  mentioned  overload 
devices  be  installed  in  each  ungrounded  phase  of  the  starter. 
For  example,  a  208-volt  three-wire  3<^  system  must  have  an 
overload  device  in  each  ungrounded  phase,  which  means 
there  would  be  three  devices.  Figure  1-35  shows  a  diagram 
of  a  3c|)  across-the-line  magnetic  starter. 

Automatic  controls.  Automatic  devices  can  be  used  to 
control  or  operate  a  magnetic  starter.  They  would  be 
installed  the  same  as  the  toggle  switch  in  figure  1-33.  Some 
of  the  most  common  types  are: 
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Figure  1-34.  Single-phase  across-the-line  magnetic  starter. 
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Figure  |-35.  Three-phase  across-thc-linc  magnetic  starter. 


a.  Float  switches — Fluid  levels  are  often  controlled  by 
the  use  of  a  float  switch.  This  switch  is  a  set  of  contacts 
which  are  opened  or  closed  mechanically  by  a  lever  and 
float  assembly.  By  using  motor-driven  pumps  controlled  by 
a  float  switch,  the  level  of  liquid  can  be  increased  or 
decreased  automatically.  An  example  of  a  common  use  of 
float  switches  is  to  control  the  water  level  in  water  towers. 

6.  Pressure  switches — Pressure  switches  are  used  to 
control  the  pressure  of  gases,  air.  and  liquids  within  a 
desired  range.  For  example,  a  motor  on  an  air  compressor  is 
controlled  by  a  pressure  switch. 

c.  Thermostats — The  thermostat  is  a  device  sensitive  to 
temperature  and  is  widely  used  in  heating  and  cooling 
systems  to  control  the  system. 

^.  d.  Photoelectric  Cells — ^The  photoelectric  cell  is 
sensitive  to  light  and  is  used  widely  to  turn  on  and  turn  off 
exterior  lights,  such  as  street  lights. 

Exercises  (410): 

1.  List  the  two  electrical  circuits  of  the  across-the~ii  ;2 
magnetic  starter. 
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2.  What  set  of  contacts  is  used  to  keep  the  holding  coil 
energized  after  the  start  button  has  been  released? 


3.   How  many  overioad  relays  must  be  installed  on  a  3<b 
magnetic  starter? 


4.  Li-t  four  automatic  devices  used  to  control  magnetic 

vStartcfvS. 


5.  What  is  the  function  of  the  control  circuit  in  a 
magnetic  starter? 


1-2  Installation  of  Motors  and  Controls 

The  most  expensive  and  elaborate  motor  system  is 
worthless  unless  it  is  selected  to  meet  specific  requirements 
for  a  situation.  It  also  must  be  installed  correctly  to  perform 
these  requirements.  As  an  electrician,  you  should  be  able  to 
determine  the  correct  type  of  motor  for  a  particular  job  and 
have  the  knowledge  to  correctly  install  the  system 
according  to  the  NEC. 

411.  Restate  speciHc  factors  to  consider  in  selecting  a 
motor  and  motor  controller,  and  list  the  information 
required  on  a  motor  data  plate. 

Motor  Selection.  Before  you  can  install  a  motor,  many 
factors  need  to  be  considered  if  trouble-free  operation  is  to 
be  expected. 

Physical  location.  The  physical  location  of  the  motor 
will  affect  the  type  of  motor  housing  (inclosure)  required.  A 
different  type  motor  inclosure  is  required  to  protect  a  motor 
that  is  exposed  to  rain  as  compared  to  one  installed  in  a  dry 
location.  Insuring  the  proper  selection  will  provide  a 
trouble-free  installation.  Some  of  the  common  motor 
inclosures  used  for  different  environmental  conditions  are: 

a.  Open — An  open  motor  has  ventilating  openings  in  the 
frame  which  permit  the  passage  of  cooling  outside  air  over 
and  around  the  windings. 

ft.  Splash-proof — A  splash-proof  motor  is  an  open  motor 
in  which  the  vent  slots  are  made  to  prevcu.  liquids  or  solids 
from  entering  them  except  at  indirect  angles. 

c.  Totally  inclosed — ^This  motor  is  built  to  prevent  free 
passage  of  outside  air.  It  is  not  airtight;  therefore,  it  cannot 
be  used  in  an  explosive  area.  , 

d.  Drip-proof — A  c  Ip-proo-  motor  is  an  open  motor  in 
which  the  ventilating  openings  are  constructed  so  that  drops 
of  liquids  or  solid  particles  falling  on  the  machine,  either 
directly  or  by  striking  and  running  along  a  horizontal 
surface,  will  not  enter  the  motor. 

e.  Water-proof — A  water-proof  motor  is  a  totally 
inclosed  motor  constructed  so  that  it  will  prevent  water 
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from  entering  even  if  applied  in  the  form  of  a  stream  from  a 
hose. 

/.  Explosion-proof — Explosion  motors  are  designed  to 
withstand  an  internal  explosion  of  the  vapors  or  dust  from 
the  area  in  which  they  are  used  and  to  prevent  an  explosion 
due  to  motor  faults. 

Ambient  temperature.  Along  with  the  type  of  inclosure 
you  select,  you  must  consider  the  ambient  (surrounding) 
temperature.  The  ambient  temperature  must  not  exceed  that 
listed  on  the  motor.  In  general,  maximum  ambient 
temperature  is  40°  C.  or  104°  F.  for  any  motor,  unless  the 
motor  is  designed  for  a  different  degree  rating. 

Duty,  Another  important  factor  to  consider  when 
selecting  a  motor  is  its  function  or  duty.  Is  ti.e  motor 
expected  to  run  continuously  or  intermittently?  \ 
continuous-duty  motor  is  designed  to  operate  at  full  load  for 
24  hours  a  day  if  necessary.  The  intermittent  duty  motor  is 
designed  for  frequent  starting  and  stopping.  It  has 
construction  features  built  in  that  will  dissipate  heat  rapidly. 
This  is  an  important  factor  in  the  selection  of  motors,  since 
motor  windings  heat  rapidly  during  starting. 

Bearings,  The  types  of  bearings  used  in  a  motor  usually 
depend  on  its  application  to  a  load  or  on  its  mounting  plane, 
whether  horizontal  or  vertical.  As  a  general  rule,  sleeve- 
bearing  motors  are  horizontally  mounted  and  ball-  or 
roller-bearing  motors  are  designed  for  vertical  or  horizontal 
mounting. 

Voltage.  The  voltage  available  to  the  motor  must  be 
considered  when  selecting  a  motor.  The  power  supply  must 
have  the  required  phases  and  voltage  to  run  the  size  motor 
available. 

Mechanical  connection  to  load.  The  connection  between 
the  motor  shaft  and  the  load  that  it  drives  is  made  in 
different  ways,  depending  on  the  load.  The  most  common 
methods  for  attaching  the  shaft  to  the  load  are  by  using 
pulleys,  couplings,  and  gears. 

Motor  data  plate.  According  to  the  NEC,  every  motor 
must  be  equipped  with  a  data  plate  as  shown  in  figure  1-36. 
This  data  plate  must  be  marked  with  certain  information 
pertinent  to  the  motor.  This  information  is  necessary  in 
determining  circuit  requirements  for  installing  motors. 
Listed  below,  in  no  specific  order,  is  the  information 
required  on  a  motor  data  plate: 

a.  Maker's  name. 

b.  Rated  volts  and  full-load  amperes  (amps).  These  show 
the  motor's  operating  voltage  and  the  current  the  motor  will 
draw  under  full  load.  These  are  normally  expressed  as  V  for 
volts  and  A  for  amps. 

c  .  Rated  frequency  and  number  of  phases.  These  show 
the  motor's  operating  frequency  (marked)  as  hertz  (Hz)  and 
the  required  phases  to  operate  the  motor  (marked)  a*;  (pH). 

rf.  Rated  temperature  rise  of  the  insulation  system  and 
rated  ambient  temperature.  This  is  the  motor's  maximum 
operating  temperature  under  normal  conditions.  This  is 
normally  listed  on  a  motor  data  plate  as  rise  40°  C.  or  Amb 
40°  C. 

e.  Rated  full-load  speed.  THis  shows  the  rpm  of  a  motor 
under  full-load  condition.  For  example,  rpm — 1725. 

/.  Time  rating.  This  tells  if  the  motor  is  a  continuous  or 
intermittent  type. 
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Figure  1-36.  Motor  data  plate. 


g.  Code  letter.  The  code  letter  is  used  for  determining 
branch  circuit  overcurrent  protection  by  using  table 
430-152  of  the  NEC.  Code  L  is  shown  in  figure  1-36. 

h.  Rated  hp  (if  1/8  or  more).  This  is  used  to  determine 
circuit  switch  sizes;  for  example,  hp  1/3. 

Along  with  required  information,  some  manufacturers 
furnish  data  plates  with  useful  information,  such  as  the 
frame  number  and  service  factor. 

The  frame  number  gives  the  physical  dimensions  of  a 
motor;  for  example,  shaft  size,  mounting  configuration, 
keyway  size,  and  the  overall  dimensions  of  a  motor.  Frame 
numbers  are  standardized,  regardless  of  manufacture.  This 
information  is  shown  on  the  data  plate  as  frame  or  FR. 

The  service  factor  is  the  amount  of  overload  a  motor  can 
safely  carry  without  damage  to  the  unit.  This  is  determined 
by  multiplying  the  normal  hp  by  the  service  factor.  For 
example,  a  1/3  hp  motor  with  a  service  factor  of  1.15  can  be 
used  to  carry  a  continuous  load  of  .38  hp  (1/3  x  1 . 15).  The 
normal  service  factors  of  most  motors  is  1.15.  This 
information  is  found  on  the  motor  data  plate,  normally 
expressed  as  SF. 

Controller  Selection.  Now  that  you  have  selected  the 
motor  for  a  specific  job,  the  motor  controller  and  related 
equipment  must  comply  with  the  same  requirements.  J*"  the 
motor   inclosure    must   be   explosion-proof,    then  the 
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controller,  when  installed  under  the  same  conditions,  must 
be  explosion-proof.  The  inciosure  must  be  adequate  for  the 
location  in  which  it  is  installed.  The  National  Electric 
Manufacturer's  Association  (NEMA)  has  assigned 
inciosure  numbers  to  identify  the  types  of  inclosures  for 
controllers  as  follows: 


a. 

Type 

1 

b. 

Type 

3 

c\ 

Type 

4 

d. 

Type 

7 

€. 

Type 

9 

f. 

Type 

7&9 

s- 

Type 

1 1 

h. 

Type 

12 

open  or  general  purpose, 
weather  protected, 
moisture  protected, 
hazardous  vaporproof. 
hazardous  dustproof. 
hazardous  vapor  and  dustproof. 
oil  emerged, 
oiltight,  dusttight. 


Any  additional  information  you  need  might  be  found  in 
Article  430  of  the  NEC,  entitled  ''Motors,  Motor  Circuits 
and  Controllers." 

Exercises  (411): 


To  insure  trouble-free  operation  list  seven  factors  you 
should  consider  when  selecting  a  motor. 


2.  Whc*,  type  ot  motor  inciosure  is  designed  to  prevent 
liquids  or  solids  from  entering  it,  except  at  indirect 
angles? 


3.  What    is    the    most    commonly    found  ambient 
temperature  rise  of  a  motor? 


4.  What  type  of  bearings  would  you  find  on  an  electric 
motor  mounted  in  a  vertical  position? 


5.   List  the  eight  items  found  on  the  data  plate  of  an 
electric  motor. 


A  ''type  3' 
location? 


motor  controller  is  used  in  what  type  of 


1-4.  Inspection  and  Maintenance  of  Motors  and 
Controls 

To  insure  proper  s-rvice  and  long  life,  a  motor  system 
requires  proper  inspection  and  maintenance.  After  a  motor 
system  is  installed,  .t  is  expected  to  remain  in  service  for 
some  that  time.  To  insure  the  motor  system  has  a  long  life, 
a  preventive  maintennnce  and  inspection  program  should  be 
established.  In  a  w-ll-planned  program,  your  maintenance 
IS  a  system  of  routines  designed  to  keep  the  system  in 
satisfactory  operating  conditions  through  periodic 
inspections,  cleaning,  adjusting,  and  lubrication. 

412.  Restate  the  proper  procedures  for  inspection  and 
maintenance  of  motors  and  controls. 

Inspection  of  Motors.  A  good  inspection  will  often  give 
advance  notice  to  potential  troubles.  At  frequent  intervals, 
electric  motors  should  be  inspected.  When  performing 
these  inspections,  your  senses  can  provide  a  means  of 
identifying  abnormal  conditions.  For  example,  your  sense 
of  touch  can  identify  excessive  vibration  and  temperature. 

A  good  visual  inspection  of  a  motor  should  include 
checking  for  excessive  wear,  such  as  uneven  wear  of  gears, 
sprockets,  and  couplings.  Belts  and  pulleys  should  be 
checked  for  proper  alignment  and  tension.  Their  surface 
condition  must  be  observed  to  insure  that  no  cracks,  frayed 
edges,  or  excessive  wear  exists.  Check  the  bearing  area  for 
evidence  of  vibration,  any  unusual  noise,  and  excessive 
temperature. 

Preventive  Maintenance  of  Motors.  You  must  check 
and  maintain  an  electric  motor  just  like  any  other  piece  of 
mechanical  equipment.  With  proper  servicing,  a  motor  will 
last  longer  and  give  more  efficient  service.  A  few 
maintenance  services  are  listed  below. 

Cleanliness.  Inspect  motors  imemally  and  externally  for 
foreign  materials  such  as  dust,  dirt,  corrosion,  and  paint. 
Open-frame  motors  may  be  blown  out  with  compressed  air. 
You  should  not  apply  too  many  coats  of  paint  to  motors, 
because  the  tnickness  of  the  coats  of  paint  will  interfere 
with  heat  dissipation. 

CAUTION:  Air  pressure  used  for  cleaning  should  not 
exceed  25  pounds  per  square  inch  (psi)  nozzle  pressure. 
Excessive  pressure  can  damage  the  insulation  on  the 
windings. 

Wipe  all  excess  dirt,  grease,  and  oil  from  the  surfaces  of 
a  motor  with  a  cloth  moistened  with  an  approved  Air  Force 
solvent. 

WARNING:  Never  use  flammable  or  toxic  solvents  for 
cleaning  motors.  They  may  cause  injury  to  personnel  or 
damage  to  equipment.  Also  instruct  your  workers  to  use  the 
solvent  sparingly.  It  may  soak  into  inaccessible  places,  and 
evaporation  may  be  delayed  long  enough  to  soften  and  harm 
the  insulation. 

Ventilation.  Check  the  running  temperature  of  all 
motors.  If  the  motor  temperature  is  hotter  than  that 
specified  on  the  nameplate,  you  must  diagnose  the  trouble. 
The  usual  procedure  for  diagnosing  motor  overheating  is  to 
check  the  motor  for  restricted  ventilation.  Inspect  the  area 
around  the  motor  for  any  obstruction  which  could  hamper 
free  air  circulation.  If  air  circulation  is  not  hampered  in  any 
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way  and  the  motor  continues  to  run  hot,  reduce  the  load  on 
the  motor  or  use  a  motor  with  more  power  capability. 

Lubrication.  You  should  lubricate  each  motor  according 
to  the  manufacturer's  lubrication  instructions.  Improper 
lubrication  causes  motor  bearings  to  overheat  and 
eventually  causes  bearing  failure.  Check  a  motor  for  signs 
of  grease  and  oil-seal  failure.  If  an  inside  seal  fails,  the 
lubricant  can  get  into  the  motor  windings  and  deteriorate 
the  insulation.  This  condition  will  let  dust  adhere  to  the 
windings  and  restrict  air  circulation.  When  air  circulation  is 
restricted,  the  motor  windings  will  heat. 

Inadequate  lubrication  causes  the  bearings  to  wear 
excessively  and,  eventually » to  seize.  When  you  lubricate  a 
motor,  refer  to  the  manufacturer's  manual  to  determine  the 
type  of  lubrication  required.  Some  motors  require 
lubrication  witli  oil,  while  others  require  grease.  Many 
motor  bearings  are  lubricated  and  sealed  at  the  factory.  The 
lubricant  in  these  bearings  usually  lasts  the  life  of  the 
bearings. 

Preventive  Maintenance  of  Motor  Controllers.  You 

should  inspect  and  service  control  equipment  on  the  same 
maintenance  schedule  as  motors.  Motor  starters  can 
generally  be  repaired  at  the  time  of  inspection  on  the  job 
site. 

Contacts.  Check  the  contacts  to  insure  a  good  electrical 
connection.  When  contacts  open  and  close,  the  rolling  and 
rubbing  action  keeps  the  contacts  bright  and  clean;  but 
infrequently  operated  contacts,  or  contacts  under  heavy 
load,  develop  overheating  and  create  oxidation  on  the 
contacts.  Copper  oxidation  on  contacts  is  a  poor  conductor 
and  must  be  removed.  You  may  use  a  fine  file  or  light 
sandpaper,  but  never  use  an  emery  cloth.  Silver  oxide  forms 
on  silver  contacts  and  presents  a  black,  dirty  appearance. 
Although  these  contacts  appear  dirty,  they  seldom  need 
cleaning. 

The  closed  pressure  of  contacts  is  an  important  factor  in 
their  ability  to  carry  current.  A  small  contact  with  suitable 
contact  pressure  carries  more  current  than  a  larger  one  with 
little  or  no  pressure.  Thin  contacts  are  replaced  because 
they  lose  their  contact  pressure  with  wear.  You  must  keep 
contact  springs  in  good  condition.  Replace  them  when  they 
have  been  damaged  or  have  lost  temper  by  exposure  to  high 
temperatures. 

Connections.  Connections  should  always  be  clean  and 
tight.  Loose  connections  result  in  overheated  parts  that 
eventually  must  be  replaced.  Periodic  inspection  is 
necessary  because  temperature  changes,  vibration,  and 
carelessness  may  loosen  connections.  Check  all  wiring  for 
discoloration,  which  indicates  high  temperature  or  loose 
connections.  In  some  cases,  you  will  need  to  replace  the 
wire  after  you  have  corrected  the  cause  of  the  trouble. 

Movable  core.  Inspect  the  movable  core  in  a  controller 
for  cleanliness.  Accumulated  gum  and  dirt  cause  sluggish 
mechanical  action  that  impairs  the  opening  and  closing  of 
the  contact.  The  mechanical  linkage  is  designed  to  require 
no  lubrication. 

Noise  results  if  the  movable  and  stationary  pole  pieces  do 
not  fit  together  well  when  the  contactor  is  closed  and  when 
dirt  or  rust  prevents  proper  closure.  The  most  prominent 
noise  produced  in  a  starter  comes  from  a  broken  shaded 
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pole  (which  is  the  single  turn  of  wire  or  strap)  imbedded  in 
part  of  the  laminated  magnetic  structure. 

Cabinet.  Check  the  cabinet  housing  the  controller  for 
cleanliness.  Make  sure  that  the  cover  fits  properly  to  keep 
moisture^  dirt,  and  dust  from  entering.  Blow  out  the  cabinet 
with  dry  compressed  air.  Check  for  corrosion  of  all  metal 
parts.  They  may  need  cleaning  and  refinishing. 

Exercises  (412): 

1.  List  some  of  the  items  to  look  for  when  making  a 
visual  inspection. 


2.  What  is  the  maximum  air  pressure  that  you  can  use  to 
clean  a  motor? 


3.  What   could   happen    if   a    motor    is  lubricated 
improperly? 


4.  What   would   you   look   for  when   checking  the 
connections  of  a  motor  controller? 


1-5.  Troubleshooting  and  Repair  of  Motors  and 
Controls 

Troubleshooting  is  a  systematic,  methodical 
determination  of  malfunctions  and  defective  components 
and  parts  by  indications,  signs,  and  tests.  Pay  close 
attention  to  the  procedures  in  the  text,  and  you  will  reduce 
the  time  required  to  locate  the  trouble  and  to  restore  all 
motorized  equipment  to  its  normal  operation. 

413.  State  the  problems  and  probable  solutions  for 
problems  which  may  cause  troubles  in  motors  and 
controls. 

Motor  failure  may  be  due  to  a  number  of  causes.  Some  of 
the  things  that  may  cause  motor  failures  are  an  overload* 
low  or  high  voltage,  frozen  or  worn  motor  bearings,  failure 
of  motor  windings,  and  failure  of  motor  controls. 

Troubles  in  Motors  and  Controls.  Many  things  that 
cause  motor  failure  are  not  the  fault  of  the  motor.  Several 
conditions  which  may  cause  motor  failure  are  listed  below. 
These  conditions  should  be  checked  before  disconnecting 
electrical  powerlines  or  troubleshooting  the  electrical 
system. 

a.  Overload. 

b.  Loss  of  power. 

c.  Driven  machine  blocked, 
rf.  Frozen  or  worn  bearings . 

e.  Bad  or  improper  connections. 
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Overload,  If  a  motor  has  been  operating  satisfactorily 
and  suddenly  stops,  a  temporary  overload  condition  may 
exist.  You  should  allow  sufficient  time  for  the  overload 
device  to  cool  before  actuating  the  reset  device.  If  sufficient 
cooling  has  occurred,  the  reset  will  hold  in  the  locked 
position  and  you  can  follow  the  normal  starting  operation. 
If  the  motor  fails  to  start,  you  should  employ  a  systematic 
procedure  for  locating  the  trouble.  Cneck  cunent  draw  with 
an  ammeter  to  determine  if  the  motor  is  overloaded. 

Loss  of  power.  Use  a  voltmeter  to  determine  if  power  i.s 
being  supplied  to  the  magnetic  starter.  Likewise,  determine 
if  power  is  being  supplied  to  the  motor. 

Bad  or  improper  connections.  Before  a  motor  is 
removed  from  the  line,  you  should  check  all  electrical 
connections.  Determine  if  the  control  connections  are  in 
accordance  with  the  control  wiring  diagram.  When  you 
have  checked  the  conirol  connections,  check  the  terminal 
lead  connections  in  both  the  control  apparatus  and  the 
motor. 

Motors  with  wound  rotors  are  more  susceptible  to 
malfunctions  due  to  their  construction.  Other  than 
insulation  checks,  which  are  similar  to  the  stator  winding, 
rotors  often  have  opens  caused  by  overheating.  Sometimes 
these  opens  can  be  repaired  by  using  a  soldering  gun  to 
restore  the  circuit. 

Brushes  that  have  been  worn  to  half  their  original  length 
must  be  replaced.  Check  brushes  for  broken  leads,  a 
chipped  or  broken  face,  correct  tension,  and  freedom  of 
movement  in  holder. 

Driven  machine  blocked.  Determine  if  the  driven 
machine  is  at  fault.  To  do  this,  disconnect  the  motor  from 
its  load  and  rotate  the  rotor  shaft  of  the  motor  by  hand  to 
^wtermine  if  rotation  is  free. 

Frozen  or  worn  bearings.  Try  operating  the  motor 
without  the  load  of  the  driven  machine.  Lubrication  may  be 
needed  and,  in  some  cases,  will  free  the  rotor.  If  the 
bearings  are  frozen  or  stuck,  it  may  be  necessary  to  take  the 
motor  apart  to  free  the  bearings.  If  the  rotor  will  turn,  look 
for  wobbling,  which  indicates  a  bent  shaft.  Before  handling 
the  shaft,  however,  put  on  gloves;  or  use  a  piece  of  cloth  to 
insure  against  injury  to  hands  from  burrs  or  sharp  edges  that 
may  be  in  the  keyway.  Check  the  rotor  shaft  for  any  up- 
and-down  play  (movement).  Any  noticeable  movement 
indicates  worn  bearings,  which  may  be  causing  the  rotor  to 
be  dragging  in  the  stator.  This  is  probable  when  belt  tension 
is  applied.  The  bearings  should  be  replaced  if  up-and-down 
movement  is  noted.  Also  check  for  rotor  end  play.  This  is 
noted  by  moving  the  rotor  shaft  in  and  out.  Some  end  play 
is  not  detrimental;  however,  it  should  not  exceed  1/64  of  an 
inch.  Excessive  end  play  may  be  removed  by  adding  fiber 
spacer  washers. 

Other  things  to  check  for  are  misalignment  of  endbells,  a 
loose  pole  piece,  or  foreign  objects  in  the  motor.  If  the 
trouble  is  not  mechanical,  then  analyze  the  motor  circuits. 

Exercises  (413): 
1 .  List  five  problems  which  may  cause  trouble  in  motors. 


2.  What  instrument  should  you  use  to  determine  if 
motor  is  overioadcd? 


3.   How  can  you  repair  opens  in  rotors  caused  by 
overheating? 


4.   How  can  you  determine  if  the  driven  machine  is  at 
fault? 


5.   How  can  you  remove  excessive  end  play  in  bearings? 


414.  Give  specific  details  concerning  troubleshooting 
techniques  for  motors  and  controls. 

Three-Phase  Motors  and  Controls.  All  electrical 
circuits  are  subject  to  three  common  malfunctions.  These 
circuit  faults  are  open,  grounded,  and  shorted  circuits. 

Open  circuits.  Starting  with  the  source  of  power,  an 
open  circuit  may  exist  at  any  point  between  there  and  the 
rotor  of  the  motor.  It  is  necessary  to  isolate  the  trouble. 
This  must  be  done  on  a  step-to-step  basis.  Make  the 
following  checks  on  the  equipment  shown  in  figure  1-37.  It 
is  very  important  to  remember  that  you  are  working  with  an 
ohmmeter,  and  it  should  not  be  connected  to  a  live  circuit. 
Figure  1  -37  shov/s  a  3<()  motor  connected  to  a  3<J)  starter. 

With  an  ohmmeter,  check  from  the  source  of  power  to 
the  line  terminals  of  »he  starter,  making  sure  continuity 
exists  at  the  .starter  line  terminals  LI,  L2,  and  L3.  Make 
sure  of  a  continuous  circuit  between  the  siart-stop  station 
and  the  starter.  (THE  CONDUCTOR  CONNECTED  TO 
LI  IS  COMMON  TO  BOTH  THE  STARTING  AND 
HOLDING  CIRCUIT.) 

Make  sure  there  is  a  continuous  path  for  current  flow 
from  the  switch  side  of  the  starter  through  the  holding  coil 
and  through  the  resets,  back  to  L2.  This  circuit  normally  is 
from  switch  terminal  3,  to  starter  terminal  L2.  Be  sure  you 
have  continuity  through  the  heaters.  Raise  the  armature 
until  the  contacts  are  closed  and  check  for  continuity 
between  LI  and  Tl;  L2  and  T2,  and  L3  and  T3.  If  there  are 
no  opens  at  this  point,  power  should  exist  to  the  motor 
terminals,  Tl,  T2,  and  T3  of  the  starter,  when  the  start 
button  is  pushed. 

Check  for  continuity  between  the  starter  terminals  Tl, 
T2,  andT3,  and  the  motor  terminals,  Tl,  T2,  and  T3.  !fwe 
have  continuity  to  the  motor  termir  1^  •  ill  be  necessary 
to  check  the  stator  of  the  motor  f  circuit.  This  is 

done  in  a  wye-connected  motor,  a..      ,.vn  in  figure  1  -38. 

Disconnect  the  motor  leads  from  the  power  leads.  Check 
for  continuity  between  leads  1  and  4,  2  and  5,  and  3  and  6. 
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Figure  1-37.  Three-phase  motor  connected  to  a  36  starter. 
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Figure  1-38.  Testing  the  stator  of  a  34)  wye-connected  motor  for  an 
open  circuit. 


Continuity  should  exist  when  testing  across  the  above- 
mentioned  pairs.  Since  the  opposite  ends  of  leads  7,8,  and 
9  are  connected  at  a  wye  point  in  the  wye-connected  motor, 
continuity  should  exist  between  leads  7  and  8,  7  and  9,  or  a 
combination  of  7,  8,  and  9. 

Checking  the  stator  of  a  delta-connected,  9-lead  motor 
for  an  open  circuit  is  accomplished  as  shown  in  figure  1-39. 
Disconnect  the  motor  leads  from  the  power  leads.  Check  for 
continuity  between  leads  4  and  9,  6  and  8,  and  5  ?nd  7. 
This  will  check  all  the  windings  in  the  delta  motor, 
inasmuch  as  lead  10  is  connected  internally  to  lead  2,  lead 
1 1  to  lead  3,  and  lead  12  to  lead  1 . 

Tliere  is  little  likelihood  that  a  squirrel-cage  rotor  will  be 
open.  If  an  open  does  exist,  the  motor  slows  down  under 
load.  It  also  has  low  starting  torque.  Signs  of  heating  are 
usually  evident.  Fractures  in  the  rotor  bars  are  usually  found 
either  at  the  connection  to  the  end  rings  or  at  the  point  the 
bars  leave  the  laminations.  If  the  motor  has  a  wound  rotor, 
it  may  be  necessary  to  check  it  for  an  open  circuit  by  using 
the  external  growler. 

Grounded  circuits.  The  same  methodical  process  must 
be  followed  in  finding  a  grounded  circuit  as  was  employed 
in  finding  an  open  circuit.  It  is  necessary  to  start  with  the 
source  of  power  and  work  toward  the  motor.  With  the  main 
disconnect  open,  check  with  an  ohmmeter  across  each 
power  phase  to  ground.  Follow  this  step  all  the  way  to  the 
starter  to  insure  that  no  grounds  exist  from  the  source  of 
power  to  the  starter.  Any  ground  existing  in  the  power 
supply  or  any  extremity  connected  to  LI,  L2,  or  L3  of  tiie 
starter  will  be  indicated  at  any  point  tested,  by  the  needle 
movement  on  the  ohmmeter.  This  is  assuming  that  any 
disconnects  between  the  source  of  power  and  the  starter  are 
closed.  Disconnection  of  conductors  at  certain  points  will 
be  necessary  to  isolate  the  grounded  circuit.  One  at  a  time, 
check  across  each  of  the  conductors,  connected  to  the  start- 
stop  station  to  ground  (conduit),  to  determine  if  a  ground 
exists  to  the  start-stop  station. 
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Figure  1-39.  Testing  a  delta-connected  motor  for  an  open  circuit. 


Check  throughout  the  starter  at  points  of  possible 
grounds.  Also  check  the  control  circuit  (through  the  coil) 
and  then  your  load  circuit.  In  checking  Tl,  T2,  and  T3  of 
the  starter  to  ground,  remember  that  any  grounds  existing  in 
the  connected  motor  will  be  indicated  at  these  points. 
Whether  tlie  ground  exists  in  the  motor  or  on  the  conduit 
can  be  determined  by  disconnecting  the  motor  from  the 
starter.  If  the  ground  does  not  exist  in  the  conduit  from  the 
starter  to  the  motor,  the  motor  windings  must  be  checked 
for  grounds. 

The  motor  windings  are  tested  for  grounds,  as  shown  in 
figure  1-40.  Position  one  test  prod  to  the  motor  housing, 
being  certain  metal-to-metal  contact  is  established.  With 
the  other  lead,  touch  each  station  lead  in  succession.  If  the  1 
amp  lights,  a  ground  is  indicated.  All  internal  motor 
troubles  must  be  repaired  by  a  motor  rewind  shop;  so  if  an 
internal  problem  is  discovered,  you  should  not  disassemble 
the  motor  but,  instead,  send  it  out  for  repairs. 

Shorted  circuits.  Shorted  circuits  are  found  by  checking 
across  conductors  with  the  power  off.  If  continuity  exists 
across  two  conductors  when  the  circuit  is  purposely  open, 
the  circuit  is  shorted.  As  in  checking  for  opens  and  grounds, 
checking  for  shorted  circuits  should  start  with  the  source  of 
power  and  be  carried  through  to  the  motor  windings.  Figure 
1-41  may  be  used  for  applying  tests  for  short  circuits  in  the 
motor  windings.  With  the  main  disconnect  open,  start  by 
checking  across  the  fuses  (bottom  end).  Assuming  that  any 
disconnects  are  closed  between  the  source  of  power  and  the 
starter,  continuity  across  any  two  conductors  will  indicate 
that  a  short  circuit  exists  between  the  main  disconnect  and 
the  starter.  Disconnection  of  conductors  at  certain  points 
will  be  necessary  to  isolate  the  shorted  circuit.  Press  the 
stop  button  and  check  across  the  conductors  on  terminal  2 
of  the  starter  switch  to  LI .  Pressing  the  stop  button  on  the 
start-stop  station  opens  the  circuit  to  the  starter.  A 
continuity  reading  would  then  indicate  a  shorted  circuit  in 
the  holding  part  of  the  circuit.  (NOTE:  This  circuit  is 
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Figure  1-40.  Testing  motor  leads  for  a  grounded  winding. 
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Figure  1-41 .  Testing  a  u  ye-wound  stator  for  a  shorted  circuit. 


normally  closed  due  to  the  construction  feature  of  the  start- 
stop  station.)  Continuity  across  LI  to  number  3  in  the  starter 
would  indicate  a  shorted  circuit  in  the  starting  part  of  the 
circuit.  (NOTE:  This  circuit  is  normally  open  due  to  the 
construction  feature  of  the  start-stop  station.) 

When  checking  across  the  controller  terminals  (Tl,  T2, 
or  T3),  it  will  be  necessary  to  disconnect  the  motor  leads 
from  the  source  of  power;  otherwise,  there  will  be  a 
continuity  reading,  due  to  reading  across  the  motor 
windings.  After  disconnecting  the  motor  leads,  continuity 
should  not  exist  when  rhecking  across  Tl,  T2,  and  T3. 
Also,  check  for  a  short  circuit  in  the  conductors  in  the 
conduit  between  the  motor  and  the  starter. 

Checking  a  wyt-wound  motor  for  a  shorted  stator 
winding  is  accomplisiK'^d  as  shown  in  figure  1-41.  Use  an 


ohmmeter  to  check  across  the  stator  leads  of  the  motor  for 
continuity.  Continuity  should  exist  between  leads  1  and  4,  2 
and  5,  3  and  6,  and  the  leads  of  which  the  other  ends  form 
the  wye  point.  The  external  leads  involved  in  the  wye  are 
leads  7,8,  and  9.  Therefore,  in  testing  for  a  shorted  stator, 
if  continuity  should  exist  between  any  combination  of  lead 
numbers  other  than  those  which  form  a  winding,  a  shorted 
stator  is  indicated. 

Procedures  for  checking  a  delta-wound,  12-lead  motor 
for  a  shorted  stator  winding  are  accomplished  as  shown  in 
figure  1-42. 

Continuity  should  exist  across  the  following  leads  of  a 
delta-wound  stator  having  12  external  leads:  1  and  4,  2  and 
5,  3  and  6,  7  and  10,  8  and  1 1,  and  9  and  12.  Therefore,  in 
testing  for  a  shorted  stator,  if  continuity  should  exist 
between  any  combination  of  numbo^^  other  than  those 
shown  above,  the  stator  is  shoned. 

In  the  9-lead  delta  motor,  whicli  is  most  commonly  used, 
three  end  windings  are  intemally  connected.  Lead  12  is 
connected  to  lead  1 ,  lead  1 1  to  lead  3,  and  lead  10  to  lead  2. 
Continuity  should  exist  across  leads  4  and  9,  6  and  8,  and  5 
and  7.  Therefore,  in  testing  for  a  shorted  stator,  if 
continuity  should  exist  between  any  combination  other  than 
those  linked  above,  providing  leads  1,  2,  and  3  are  not 
used,  the  stator  is  shorted.  Leads  1,2,  and  3  are  not  used 
because  internal  leads  12,  10, and  1 1  are  connected  to  them. 

Single-Phase  Motors  and  Controls,  All  electrical 
circuits  in  1<J)  motors  and  controls  are  subject  to  the  same 
fault  functions  as  3<J)  motors.  Therefore,  we  will  discuss 
only  open  circuits. 

Starting  with  the  source  of  power,  an  open  circuit  may 
exist  at  any  point  between  there  and  the  rotor  of  the  motor. 
It  is  necessary  to  isolate  the  trouble.  This  must  be 
accomplished  on  a  step-by-step  basis.  Make  the  following 
checks  to  the  equipment  shown  in  figure  1-43.  Check  with 
an  ohmmeter  from  the  source  of  power  to  the  line  terminals 
of  the  starter,  making  sure  continuity  exists  at  terminals  LI 
and  L2.  Make  sure  of  a  continuous  circuit  between  the 
start-stop  station  and  the  starter.  (THE  CONDUCTOR 
CONNECTED  TO  LI  IS  COMMOv  TO  BOTH  THE 
STARTING  AND  HOLDING  CIRCUIT.) 

Make  sure  there  is  a  continuous  path  for  current  flow 
from  the  switch  side  of  the  starter  through  the  holding  coil 
and  through  the  resets,  back  to  L2.  This  circuit  normally  is 
from  switch  terminal  3  to  starter  terminal  L2.  Be  sure  you 
have  continuity  through  the  heaters.  Raise  the  armature 
until  the  contacts  are  closed  and  check  for  continuity 
between  LI  and  Tl  and  L2  and  T2.  If  there  are  no  opens  to 
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Figure  1-42.  Testing  a  12-lead.  delia-wound  siator  tor  a  shorted  circuit. 


32 


ERIC 


483 


THREE-  PHASE  POV^Ef^  5UppLY 


♦NEUTRAL  CONNECTS 
TO  STARTER  Lo  WHEN 
NEEDED. 


LEAbs 


X  1      1  r  T2 


HEATER 


COM 


RESET 


DO  -07  4 


r-igurc  1-43.  Single-phase  motor  control  system- 


this  point,  puwer  should  exist  to  the  motor  terminals,  Tl 
and  T2  of  the  starter,  when  the  start  button  is  pushed. 

Check  for  continuity  between  the  sL  ner  terminals,  Tl 
and  T2,  and  the  motor  terminals,  Tl  and  T2.  If  we  have 
power  to  the  motor  terminals,  it  will  be  necessary  to  check 
the  stator  of  the  motor  for  an  open  circuit.  Disconnect  the 
motor  leads  from  the  power  leads.  Check  for  continuity 
between  leads  1  and  2,  3  and  4,  and  5  and  8.  There  is  little 
likelihood  that  a  squhrel-cage  rotor  will  be  open.  If  an  open 
does  exist,  the  motor  slows  down  under  load.  It  also  has  low 
starting  torque.  Signs  of  overheating  are  usually  evident. 

Exercises  (414): 

1.  What  are  three  common  malfunctions  of  electrical 
circuits? 


2.  Where  may     oPen  circuit  exi^    i  a  34>  m^tor? 


3.  Why  is  it  someti^ies  necessary  to  disc^^^nect  the  motor 
from  the  starter  in  a  3(t)  motor? 


4.  When  must  you  check  the  itiotof  windings  for 
grounds? 


5 .  How  can  yo\^  locate  shorted  circuits? 
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What  would  indicate  a  short  circuit  between  the  main 
disconnect  and  the  start? 


7.  What  would  indicate  a  shorted  stator  in  a  wye-wound 
motor? 


8.  How  does  an  open  circuit  affect  a  Icj)  motor  with  a 
squirrel-cage  rotor? 


415.  Match  the  common  malfunctions  found  in  motors 
and  controls  with  their  probable  causes. 

Correcting  Malfunctions.  All  malfunctions  in  motors 
and  controls  may  be  corrected  by  an  Air  Force  electrician, 
except  malfunctions  in  the  internal  wiring  of  the  motors, 
nmon  malfunctions  are: 

a.  Motor  will  not  start. 

b.  Motor  runs  hot. 

c.  Movor  stops  running. 

d.  Motor  operates  with  excessive  noise. 

e.  Motor  runs  slowly. 

Motor  will  not  start.  The  motor  may  not  start  due  to  a 
voltage  failure.  Check  the  line  voltage.  Check  for  blown 
fuses  and  broken  or  loose  connections.  Replace  any  bad 
conductors. 

Motor  runs  hot.  The  motor  may  be  operated  under  an 
overload.  Check  the  full-load  amperage  against  the  data 
plate  rating.  Check  the  rating  of  the  overload  relay  against 
the  ftiU-load  current.  If  the  rating  of  the  relay  is  too  high, 
replace  it  with  the  proper  rated  relay. 

Check  the  available  voltage  to  be  sure  the  motor  is  not 
operating  on  under  or  over  voltage.  It  may  be  necessary  to 
lighten  the  load  or  install  a  larger  motor. 

Check  for  proper  motor  and  power  connections.  Be  sure 
the  motor  is  properly  connected  to  the  available  voltage. 

Check  for  proper  ventilation.  Clean  any  dirt  from  around 
vents  or  windings. 

Check  the  Wotor  to  determine  if  it  has  been  properly 
lubricated.  If  it  has  not  been,  oil  it  according  to  the 
manufacturer's  instruction. 

The  motor  may  overheat  due  to  starting  too  frequently. 
Determine  if  the  motor  is  rated  for  intermittent  duty.  If  it  is 
not  rated  for  the  service  required,  replace  it  with  one  of 
proper  design. 

Motor  stops  running.  If  the  motor  stops  running,  allow 
sufficient  time  for  the  motor  control  to  cool.  Push  the  reset 


into  locked  position  and  push  in  the  start  button.  If  the 
motor  starts,  maintain  close  observation  until  the  operator  is 
sure  the  motor  failure  was  not  due  to  any  severe 
circumstance,  the  recurrence  of  which  would  result  in 
serious  damage  to  the  motor.  A  brief  overload  or  a  power 
failure  may  have  been  the  cause  of  the  failure. 
Occasionally,  the  relay  must  be  replaced  because  it  has 
been  faulty.  If  the  motor  cannot  be  restarted,  it  may  be 
necessary  to  recheck  all  the  things  previously  discussed 
under  the  topic  **Procedures  for  Correcting  Malfunctions." 

Motor  operates  with  excessive  noise.  Excessive  noise 
may  result  from  the  motor's  not  being  securely  mounted. 
This  condition  may  be  remedied  by  tightening  the  mounting 
bolts  and  the  motor  supix)rt  securely. 

Dry  motor  bearings  may  cause  excessive  noise  while  the 
motor  is  in  operation.  Proper  lubriqation  may  stop  the 
excessive  noise,  providing  permanent  damage  has  not  been 
sustained  by  the  bearings.  Sufficient  damage  to  the  bearings 
may  require  that  the  bearings  be  replaced.  Follow  a  regular 
lubricating  schedule.  Be  certain  the  lubricant  is  the  type 
suggested  by  the  motor  manufacturer. 

Excessive  noise  may  be  the  result  of  loose  motor 
accessories.  You  can  eliminate  this  by  tightening  the  oil 
well  cover  and  the  connection  box  cover.  The  motor  may 
not  be  mounted  on  a  solid  surface.  Replacing  the  mounting 
surface  may  quiet  the  operation  of  the  motor. 

Motor  runs  slowly.  When  a  motor  runs  slower  than  it  is 
rated  to  run,  considering  slip  in  induction  motors  and  that 
thiere  is  no  overloading  of  the  motor,  you  must  consider 
other  factors.  The  voltage  supply  may  be  deficient,  causing 
a  motor  to  run  too  slowly.  Correct  the  supply  voltage.  The 
voltage  must  be  within  10  percent  of  the  voltage  rating  for 
the  motor. 

The  bearings  of  a  motor  may  be  binding.  This  will  cause 
the  motor  to  run  at  less  than  rated  speed.  The  bearings 
should  be  replaced  if  needed.  Cleaning  and  relubrication 
may  correct  the  trouble. 

The  driven  machine  may  cause  a  motor  to  run  slowly. 
When  it  is  suspected  that  the  driven  machine  is  at  fault,  the 
motor  should  be  disconnected  from  its  load  and  tested 
independently  of  the  machine. 

Occasionally  a  rotor  may  be  open.  This  will  result  in  the 
motor  slowing  down  under  load.  The  rotor  must  be  repaired 
or  replaced. 

When  troubleshooting  1(|)  motors,  you  should  check  for 
such  items  as  bad  centrifugal  switches,  bad  brushes,  and 
bad  capacitors. 

If  a  split-phase  motor  hums  but  will  not  start,  the  trouble 
will  probably  be  in  the  centrifugal  switch  or  bad  start 
windings.  This  same  problem  with  a  capacitor  start  motor 
might  mean  the  motor  has  a  bad  capacitor.  All  other  checks 
are  the  same  for  both  1(|)  and  3(|)  motors. 

For  additional  information  on  use,  care,  and  maintenance 
of  electric  motors,  refer  to  Technical  Manual  TO  34Y 
19-1-1. 
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Exercises  (415): 


1 .  Match  the  malfunctions  in  column  B  with  their  causes 
in  column  A. 


Column  A 

-.(1)  Improper  ventilation. 

-(2)  Blown  fuses. 

-(3)  Power  failure. 

-.(4)  Faulty  relay. 

_(5)  Open  rotor. 

_(6)  Deficient  voltage 

supply. 

_(7)  Dry  motor  bearings. 

-.(8)  Too  frequent  starting. 

_  (9)  Insecure  mounting. 

(10)  Bad  conductors. 

(11)  Faulty  driven 
machine. 

(12)  Voltage  failure. 


Column  B 

a.  Motor  will  not  start. 

b.  Motor  runs  hot. 

c.  Motor  stop.s  running. 

d.  Motor  operates  with 
excessive  noise. 

e.  Motor  runs  slowly. 
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CHAPTER  2 


Systems  in  Harzardous  Locations 


DURING  YOUR  career  as  an  electrician,  you  will  work  in 
areas  where  hazardous  conditions  are  present.  A  hazardous 
location  is  one  in  which  you  find  explosive  vapors,  dust, 
and  fibers.  The  installation  of  ordinary  wiring  in  these 
areas  creates  conditions  which  could  produce  an  explosion. 

Ty^#ft  of  Hazardous  Locations 

i  must  give  special  consideration  to  the  wiring  in 
hazardous  locations,  because  the  safety  of  personnel  is 
involved.  Switches,  outlets,  and  lighting  fixtures  must  be 
totally  enclosed.  Hazardous  areas,  such  as  crude  oil 
refineries,  flour  mills,  and  gasoline  service  stations,  must 
be  wired  with  specially  constructed  boxes  and  fittings. 

416.  Distinguish  among  the  types  of  hazardous  locations. 

Classes.  Hazardous  locations  are  divided  into  three 
classes.  These  classes  are  determined  by  the  uses  of  the 
location.  Let's  see  what  each  of  these  classes  means: 

Class  /.  These  locations  are  those  places  in  which 
flammable  gases,  vapors,  or  liquids  are,  or  may  be,  present 
in  the  air  in  large  enough  quantities  to  produce  explosive 
mixtures.  These  locations  include  hospital  operating  rooms, 
fuel-handling  areas,  and  similar  surroundings. 

Class  11.  These  locations  are  those  places  in  which 
combustible  or  explosive  dust  is,  or  may  be,  present  in  the 
air  in  sufficient  quantities  to  produce  an  ignitable  or 
explosive  mixture.  Some  of  these  locations  are  flour  mills, 
grain  elevators,  and  coal  pulverizing  plants. 

Class  III.  These  locations  exist  v/here  there  is  the 
presence  of  easily  ignitable  fibers  or  flyings.  The  term 
**flyings"  is  used  to  designate  waste  such  as  sawdust,  wood 
chips,  and  other  such  combustible  materials.  These 
materials  are  likely  to  be  suspended  in  the  air  in  sufficient 
quantities  to  produce  a  combustible  mixture.  Locations 
include  sucii  Wa<:.  >  as  textile  mills  and  woodworking 
shon* 

"^J**^  »iuin«  ese  classes  is  dwided  into  two 

dv  :  .,t^.  J  >o  determinr  just  how  the 

Wi.  ivt     >  .r^..,^. 

Division  1 .  Denotes  that  the  particular  danger  is  eminent 
at  any  or  all  times  during  the  normal  course  of  operation. 

Division  2.  Denotes  that  the  danger  is  not  believed 
present  under  normal  conditions,  but  is  likely  to  arise  from 
a  reasonably  foreseeable  accidental  occurrence. 

For  example,  a  building  which  houses  a  machine  for 
compressing  acetylene  gas  will  fall  within  Class  I,  Division 
1.  If  high-pressure  mains  from  this  machine  pass  into 
another  building  where  shut-off  valves  and  pressure- 


recording  instruments  are  inserted  in  these  lines,  this 
adjacent  building  comes  under  the  heading  Class  I,  Division 
2. 

Exercises  (416): 

1 .  What  factor  detenriines  the  class  of  a  hazardous 
location? 


2.  What  does  a  Division  1  classification  of  a  building 
denote? 


3.  What  does  a  Division  2  classification  of  a  building 
denote? 


4.  Give  examples  of  Class  I  hazardous  areas. 


5.  Name  three  Class  II  hazardous  locations. 


6.  What  hazardous  location  exists  when  ignitable  fibers 
are  present? 


7.  Which  class  ex      ^vhen  large  quantities  of  flamniable 

gr  rs  are  pr^^-      n  the  air'^ 


2-2.  Material  Used  for  Hazardous  Locations 

General  purpose  electrical  equipment  is  not  designed  for 
hazardous  locations.  The  materials  used  in  these  hazardous 
locations  are  of  a  special  design  and  are  usually  made  of 
cast  iron  which  allows  them  to  withstand  hazardous  areas. 
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In  this  unit  we  will  discuss  the  electrical  iTiaterial  used  when 
installing  electrical  systems  in  hazardous  locations. 

417.  Explain  pertinent  facts  about  materials  used  for 
hazardous  areas. 

Hazardous  Area  Equipment.  The  electrical  equipment 
used  for  hazardous  areas  differs  from  standard  material  used 
in  general  electrical  construction.  Standard  electrical 
equipment  is  not  explosion-proof,  dust-proof,  or  spark- 
proof  unless  so  stated  by  the  manufacturer.  The 
manufacturer  will  usually  identify  various  types  of 
equipment  for  hazardous  locations.  In  most  cases,  ihey  will 
specify  the  classes  the  equipment  can  be  used  in  or  will  state 
whether  the  equipment  is  explosion-proof  dust  or  spark- 
proc^  Remember,  equipment  designed  for  one  class  is  not 
always  recommended  for  another  hazardous  class. 

Explosion-proof  equipment.  Electrical  equipment  used 
in  Class  I  locations  must  be  explosion-proof.  Explosion- 
proof  means  that  all  fittings  and  equipment  must  be  able  to 
withstand  an  explosion  that  may  occur  within.  For  example, 
inclosures  containing  devices  must  be  strong  and  rigid 
enough  to  withstand  an  internal  explosion  without  cracking 
or  breaking.  This  prevents  ignition  of  explosive  vapors 
surrounding  the  explosion-proof  inclosure. 

Figure  2-1  shows  one  type  of  explosion-proof  junction 
box  at  the  top  and  two  different  types  of  explosion-proof 
lighting  fixtures  at  tiie  bottom. 

Figure  2-2  shows  an  explosion-proof  conduit  union,  and 
figure  2-3  shows  another  type  of  explosion-proof  junction 
box. 

Dust  Igniv  m-Proof  equipment.  Equipment  designed  to 
be  dust  ignition  proof  is  used  in  Class  II  hazardous  areas. 
Electrical  equipment  of  this  type  is  constructed  like 
explosion-proof  equipment  and  serves  the  same  purpose.  It 
is  inclosed  in  such  a  way  that  it  excludes  ignitable  amounts 
of  dust,  which  could  affect  the  operation  of  equipment. 


Figure  2-1 .  Explosion-proof  fixtures. 


EKLC 


Figure  2-2.  Explosion-proof  conduit  unions. 


Figure  2-3.  Explosion-proof  conduit  junction  box. 


frorii  entering  the  enclosure.  The  system  is  also  designed  to 
prevent  arcs  and  sparks  from  leaving  the  inclosure  and  into 
the  hazardous  area.  Figure  2-4  shows  a  dust-proof 
receptacle,  and  figure  2-5  illustrates  a  dust  ignition-proof 
fluorescent  fixture. 

Spark-proof  equipment.  Spark-proof  equipment  is  used 
in  Class  III  hazardous  locations.  The  inclosure  must  be 
constructed  without  holes  so  that  sparks  or  burning  material 
cannot  escape  and  ignite  any  combustible  material.  This 
can  be  done  bv  using  tight  metal  inclosures  which  will  also 
minimize  the  entrance  of  fibers  and  flyings  into  the 
electrical  inclosures. 
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Figure  2-4.  A  dustproof  rcceptacb. 


/  \ 


Figure  2-5.  Dust-ignition  proof  fluorescent  fixture. 
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Exercises  (417): 

1.  How  can  hazardous  area  electrical  equipment  be 
distinguished  from  standard  electrical  equipment? 


2.   Is    luipment  designed  for  Class  I  locations  always 
recoi  ^mended  for  other  hazardous  areas? 


3.  What  hazardous  class  requires  the  use  of  explosion- 
proof  equipment? 


4.  Which  class  of  hazardous  equipment  is  designed  to 
exclude  ignitabU  amounts  of  dust  from  the  inclosures? 


5.  Equipment  used  in  Class  III  hazardous  areas  must  be 


2-3.  Installation  of  WIriny  in  Hazardous  Locations 

At  one  time  or  another,  you  will  be  required  to  install  or 
replace  electrical  wiring  or  equipment  in  a  hazardous 
location,  which  could  endanger  lives  and  equipment  if  not 
installed  correctly.  For  this  reason,  you  should  always  have 
respect  for  the  conditions  in  hazardous  areas.  In  this 
section,  we  will  cover  some  of  the  baSiC  requirement*;  fox 
hazardous  locations. 

418,  F'lplJJn  specitic  requirements  concernu.,  ae 
msta"/  tion  of  hazardous  location  wirinp 

Installation  Requirements.  Whenever  possible,  you 
should  install  the  majority  of  the  wiring  system  outside  the 
hazardous  area.  This  will  save  labor  costs  and  reduce  the 
expense  of  equipment  designed  for  hazardous  locations.  In 
most  cases,  the  wiring  outside  the  hazardous  area  can  be 
installed  using  standard  wiring  devices.  For  example:  the 
paint  spray  booth  at  the  base  auto  hobby  shop  has 
explosion-proof  lighting  fixtures  inside  the  booth.  The 
control  device  used  to  operate  these  lights  could  be  located 
outside  the  hazardous  area,  therefore  reducing  installation 
cost  and  minimizing  equipment  in  hazardous  locations.  The 
wiring  that  is  located  in  the  hazardous  area  must  meet  rigid 
requirements. 

Class  I  installation-  In  general.  Class  I  locations  i  ire 
the  use  of  explosion-proof  equipment.  Threaded  rigia  metal 
conduit,  IMC  (intermediate  metal  conduit)  and  type  MI 
cable  (mineral-insulated  cable)  are  the  only  wiring  methods 
suitable  for  use  in  Class  I  locations.  The  conduit  must  be 
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threaded  with  3/4-inch  tape  per  foot.  Conduit  must  be  made 
up  wrench-tight  to  minimize  sparking  when  fault  current 
flows  through  the  conduit  system. 

All  finings  such  as  outlet  boxes,  junction  boxes,  and 
inclosures  should  have  threaded  hubs  to  receive  the  conduit 
and  must  be  explosion-proof.  The  hubs  of  these  fittings 
must  engage  at  least  five  full  threads  of  conduit.  The  covers 
for  junction  boxes  are  either  screwed  on  with  a  sufficient 

number  of  threads  engaged  to  make  them  explosion-proof 
or  have  a  machined  fit  with  a  tolerance  of  0.002  inch  and  at 
least  3/8  inch  wide,  either  of  which  experience  has  shown 
will  confine  the  explosion. 

When  a  number  of  fittings  or  inclosures  .^re  installed 
using  conduit,  explosive  gases  or  other  materials  can  pass 
from  one  fitting  or  inclosure  to  another,  through  the 
conduit.  The  conduit,  itself,  can  also  contain  a  substantial 
amount  of  such  explosive  material.  To  minimize  the 
quantity  of  explosive  material  that  can  accumulate  in  any 
one  place,  seals,  commonly  called  seai-offs,  are  installed. 
The  seal  is  installed  in  the  run  of  conduit;  and  after  the  wires 
are  pulled  into  place,  it  is  filled  with  a  sealing  compound 
that  effectively  prevents  explosive  materials  from  passing 
from  one  portion  of.  the  electrical  installation  to  another, 
throughout  the  conduit.  Most  seals  will  be  installed  within 
18  inches  of  each  piece  of  equipment  that  produces  arcs  or 
sparks,  such  as  switches  or  circuit  breaker  panels.  Figure 
2-6  shows  a  seal-off. 

Figure  2-7  illustrates  a  typical  Class  I  installation.  All 
equipment  installed  in  this  area  shall  be  explosion-proof. 
Notice  that  a  seal  is  installed  where  the  feeder  enters  the 
hazardous  area.  All  conduit  is  rigid  metal  and  all  fittings  are 
threaded.  Probably  the  most  important  item  to  consider 
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Figure  2-6.  A  seal-off. 
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when  installing  electrical  equipment  in  hazardous  locations 
is  to  use  the  right  equipment,  no  matter  what  you  are 
installing — light  fixtures,  mctors  or  controls,  or  circuit 
breakers  and  panelboards. 

In  locations  where  explosive  gases  or  vapors  exist,  bare 
lamps  or  non-explosion-proof  inclosed  fixtures  constitute 
hazards.  Bare  lamps  may  be  broken  or  loosened  in  their 
sockets,  thereby  causing  explosions.  For  this  reason,  such 
lamps  must  be  in  an  inclosure  designed  for  the  area  it  is 
installed  in. 

The  exposed  noncurrent-carrying  metal  parts  of 
equipment,  such  as  the  frames  or  metal  exteriors  of  motors, 
fixed  or  portable  lamps  or  other  utilization  equipment, 
lighting  fixtures,  cabinets,  cases,  and  conduit,  must  be 
grounded. 

The  locknut-bushing  and  double-locknut  metal  contacts 
must  not  be  depended  upon  for  bonding  purposes  for 
conduit  or  raceway  between  Class  1  locations  and  the 
service  equipment.  Bonding  jumpers  with  proper  fittings  or 
other  approved  means  shall  be  used. 

Class  II  installation.  Electrical  equipment  in  Class  II 
locations  must  be  dust  ignition-proof.  The  wiring  method  is 
essentially  the  samv^  for  Class  U  as  it  is  for  Class  I.  All 
boxes  and  fittings  must  be  threaded  and  have  dust-tight 
covers.  The  inclosures  must  prevent  arcs,  sparks,  and  heat 
generated  within  the  equipment  from  igniting  the  dust  in  the 
air  around  the  equipment. 

Class  III  installation.  The  wiring  and  equipment  used  in 
Class  III  areas  must  have  tight  metal  inclosures  to  minimize 
the  entrance  of  fibers  and  to  prevent  the  escape  of  sparks. 
The  wiring  method  shall  be  generally  the  same  as  Class  I 
and  II  threaded  rigid  metal  conduit,  IMC,  or  type  MI  cable. 

Exercises  (418): 

1.   What  type  of  conduit  is  required  in  a  Class  I 
installation? 


2.   Why  must  conduit  in  hazardous  areas  be  wrench-tight? 


3.  Where  conduit  enters  hubs  on  boxes  in  Class  I 
locations,  at  least  full  threads  must  be  engaged. 


4.  What  fittings  are  installed  to  prevent  the  transfer  of 
gases  from  one  location  to  another  in  a  hazardous  area? 


5.   What  is  the  installation  requirement  for  electrical 
equipment  used  in  Class  11  hazardous  locations? 
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Figure  2-7.  Class  I  installation. 
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6.  Why  should  the  majority  of  a  wiring  system  be  located 
outside  of  a  hazardous  area? 


2-4.  Maintenance  of  Systems  in  Hazardous  Loca- 
tions 

Once  a  system  has  been  installed  in  a  hazardous  location, 
maintenance  must  be  performed  periodically  to  insure  that 
safety  and  operation  features  are  preserved.  A  good 
maintenance  program  will  include  inspection, 
troubleshooting,  and  repair  or  replacement  of  faulty  parts. 

419.  Interpret  appropriate  actions  in  the  maintenance  of 
hazardous  location  electrical  systems. 

Inspection       and       Maintenance  Procedures. 

Maintenance  should  be  a  satisfying  part  of  any  interior 
electrician's  daily  tasks.  But  at  limes,  when  all  fuses  seem 
to  blow  at  once,  maintenance  will  be  a  throbbing  headache. 
Nevertheless,  preventive  maintenance  will  usually  occupy 
most  of  an  electrician's  time.  Why?  Because  once 
equipment  has  been  installed,  it  is  expected  to  remain  in 
service  for  some  time.  It  is  the  responsibility  of  the 
preventive  maintenance  program  to  see  to  it  that  the 
equipment  does  have  a  long  life,  and  this  program  will  be 
part  of  your  responsibility  as  an  electrician. 

The  selection,  location,  and  actual  installation  of  the 
original  equipment  primarily  determines  your  maintenance 
program.  In  a  well-planned  program,  your  maintenance  is 
merely  a  system  of  routines  designed  to  keep  the  equipment 
in  satisfactory  operating  condition  through  periodic 
inspections,  cleaning,  tightening,  adjusting,  and 
lubricating.  And  if  you  follow  that  order  of  tasks,  you 
should  be  able  to  prevent  operational  breakdowns. 

In  hazardous  locations,  electrical  systems  must  be 
installed  in  such  a  way  as  to  insure  safe  performance  and/or 
conditions  of  proper  use  and  maintenance.  Therefore,  it  is 
assumed  that  users  will  exercise  special  care  in  installation 
and  maintenance. 

You  will  find  it  necessary  to  organize  a  step-by-step 
operation  in  order  to  have  a  methodical,  effective, 
preventive  maintenance  program.  The  program  usually 
includes  inspections  of  insulation,  conduit  fittings  and 
connections,  and  all  electrical  operating  devices. 

Electrical  circuits.  Electrical  equipment  should  be 
serviced  or  disassembled  only  after  first  deenergizing  the 
electrical  supply  circuits.  This  also  applies  when  lighting 
fixtures  or  units  are  partially  disassembled  for  relamping. 
All  electrical  inclosures  should  be  tightly  reassembled 
before  the  supply  circuits  are  reenergized. 

Cover  attachment  screws.  All  cover  screws  and  bolts 
intended  to  hold  explosion-proof  joints  firmly  together  must 
always  be  tight  while  circuits  are  alive.  Leaving  one  screw 
or  bolt  loose  may  render  the  equipment  unsafe.  Take  care  to 
use  only  bolts  or  screws  provided  by  the  equipment 
manufacturer,  since  the  substitution  of  other  types  of 
material  may  weaken  the  assembly  and  render  it  unsafe. 
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Assembly  or  disassembly  of  inclosures.  Do  not  allow 
hammers  or  prying  tools  to  damage  the  flat  ground-joint 
surfaces.  Do  not  handle  covers  roughly  or  place  them  on 
surfaces  that  might  damage  or  scratch  the  flat  ground-joint 
surfaces.  Protect  all  surfaces  that  form  a  part  of  the  flame 
path  from  mechanical  injury.  In  storing  equipment,  always 
make  sure  that  covers  are  assembled  to  their  mating  bodies. 

Cleaning  and  lubrication.  Do  not  allow  particles  or 
foreign  material  to  accumulate  on  flat  ground-face  joints, 
since  these  materials  tend  to  prevent  a  close  fit  and  may 
permit  dangerous  arcs,  sparks,  or  flames  to  penetrate  them, 
causing  fire.  When  assembling,  remove  all  old  grease,  dirt, 
paint,  or  other  foreign  material  from  the  surfaces,  using  a 
brush  and  some  type  of  solvent  material.  Apply  a  film  of 
light  oil  or  lubricant  of  a  type  recommended  by  the  original 
equipment  manufacturer  to  both  body  and  cover  joint.  Any 
lubricated  joints  exposed  for  long  periods  of  time  may 
attract  small  particles  of  dirt  or  other  foreign  material.  To 
avoid  this,  body  and  cover  joints  should  be  reassembled 
immediately.  Tighten  threaded  joints  sufficiently  to 
prevent  accidental  loosening  due  to  vibration,  but  don't 
force  them.  If  the  threads  are  kept  clean  and  lubricated,  safe 
operation  can  be  assured  with  a  minimum  of  maintenance. 

Shaft  and  bearing  surfaces.  Because  a  rotating  shaft 
must  turn  freely,  the  clearance  between  shaft  and  bearing 
are  carefully  established  within  close  tolerances  by  the 
equipment  manufacturer.  Maintain  this  clearance  to  prevent 
flames  or  sparks  from  escaping  to  the  outside  hsizardous 
atmosphere.  Always  follow  the  manufacturer's 
recommendations  with  respect  to  lubrication  and  other 
servicing. 

Corrosive  locations.  Lubricate  threaded  covers,  flat 
joints,  surfaces,  rotating  shafts,  bearings,  and  operating 
shafts  well.  If  corrosion  products  have  accumulated  on 
explosion-proof  joints  or  surfaces  and  cannot  readily  be 
removed  with  solvents,  discard  and  replace  the  parts.  Never 
use  an  abrasive  material  or  a  file  to  remove  the  corrosion 
products  from  threaded  or  flat-joint  surfaces.  In  extremely 
corrosive  locations,  periodically  inspect,  equipment  to  guard 
against  unusual  deterioration  and  possible  porosity,  since 
this  may  weaken  the  inclosure  structurally. 

Portable  equipment.  Frequently  examine  and  replace 
extra  hard  usage  rubber-covered  flexible  cord  used  with  this 
equipment  at  the  first  indication  of  mechanical  damage  or 
deterioration.  Maintain  terminal  connections  to  the  cord.  In 
general,  where  portable  equipment  is  necessary,  avoid 
rough  handling  and  inspect  the  assembly  frequently. 

Over-all  safety.  Safety  in  hazardous  locations  may  be 
endangered  if  additional  openings  or  other  alterations  are 
made  in  assemblies  specifically  designed  for  use  in  these 
locations.  In  painting  the  exterior  of  housings  for  hazardous 
locations,  take  care  not  to  obscure  the  nameplate,  which 
may  contain  cautionary  or  other  information  of  importance 
to  maintenance  personnel. 

Plug-in  replacement  units.  One  technique  that  speeds 
and  eases  the  work  of  the  maintenance  department  is  the  use 
of  plug-in  type  electrical  equipment.  Such  equipment 
allows  the  substitution  of  a  replacement  unit  while  the 
original  unit  is  being  repaired  outside  the  hazardous  area. 

Insulation.  The  insulation  materials  on  conductors  in 
panels  shield  or  protect  the  conductors  from  accidental 
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contact  with  other  conducting  substances.  The  materials  are 
formed  on  the  conductor  during  manufacture,  or  you  inay 
install  them  during  the  syst  m's  installation.  You  must 
remember  that  it  is  important  to  maintain  these  protective 
coatings  or  shields  on  the  conductors.  Your  preventive 
maintenance  should,  theiefore,  include  periodic  insulation 
resistance  tests  aiid  becks  to  expose  potential  trouble 
locations  in  par-Ms.  Voti  nu:y  find  that  the  wire  insulation 
has  become  frayed  or  protective  devices  liave  been 
damaged.  These  wire  area  '^<^  ;:ions  should  either  be 
taped,  repaired,  replaced,  oi  ^  h\y  relocated  to  prevent 
future  damage. 

You  must  also  inciui-*  conductor  shielding,  which  is 
installed  on  conductors  during  installation,  in  your 
maintenance  program.  Replace  such  shielding  as  protective 
sleeving,  anti-shot  bushings,  and  damage  protection  when 
it  becomes  dislodged  or  damaged.  Conductor  or  conductor 
inclosure  supports  should  also  be  periodically  inspected  to 
insure  a  trouble-free  operating  system.  Replace  theni  in 
case  of  trouble. 

Fittings  and  connections.  To  avoid  the  possibility  of 
short  circuits  in  panels,  you  must  periodically  spot  check 
the  electrical  conduit  connections  and  fittings.  These 
fittings  include  such  items  as  conduit  couplings, 
connectors,  and  box  entry  devices.  You  must  check  these 
littings  for  looseness  or  separation;  they  should  be  tightened 
or  the  conduit  reclamped  or  resupported  when  necessary. 
The  only  exception  is  a  seal  off,  because  once  installed,  the 
sealing  compound  should  not  yc  disturbed. 

The  conductor  connections  made  to  electrical  devices  or 
other  conductors  must  also  be  included  in  your  periodic 
maintenance  checks  to  determine  the  condition  of  splices, 
wiretaps,  and  terminal  connections.  Loose,  partly 
contacting  or  partly  broken  connections  at  the  screw 
terminals  or  splices  of  an  electrical  device  can  cause  short 
circuits  or  arcing,  especially  if  the  free  wire  contacts  other 
metallic  components  which  arc  grounded.  Excessive  heat  is 
actually  the  problem,  since  the  heat  created  by  the  loose 
connections  causes  an  increase  in  amperage,  which  in  turn 
generates  more  heat . 

Moreover,  the  increased  resistance  resulting  from  a  loose 
or  poor  connection  increases  the  voltage  drop  in  the  circuit, 
causing  inefficient  operation  of  the  power  load  on  the 
system.  If  this  increased  resistance  in  the  wire  or  terminal 
connections  is  high  enough,  the  heat  resulting  from  the 
resistance  in  an  electrical  connection  may  reach  a 
temperature  which  will  ignite  the  insulating  and 
surrounding  materials  and  provide  the  basis  for  a  fire. 
Consequently,  on  equipment  or  in  circuits,  you  must  tighten 
or  repair  all  electrical  connections  which  you  find  loose. 
One  sign  of  a  poor  connection  is  corrosion.  Be  sure  that  if 
you  find  such  a  situation,  you  clean  and  retighten  the 
connection  and  correct  the  cause. 

Devices.  The  importance  of  periodically  inspecting  all 
electrical  operating  devices  for  defects  cannot  be  over 
emphasized.  A  simple  observation  on  your  part  can  detect 
most  serious  difficulties  within  an  electrical  system.  Your 
periodic  inspection,  checks,  and  tests  of  equipment  and 
devices  must  include  the  normal  operation  under  a  specified 
rated  load.  Repair  or  replace  any  device  which  fails  these 
tects  or  which  is  broken  or  loosely  supported  in  its 


mountings.  If  breakage  should  occur  repeatedly  in  specific 
locations,  .  )u  should  either  replace  the  electrical 
equipment  or  the  device  with  items  able  to  withstand  the 
intended  use  or  relocate  the  equipment  or  device  to  a  more 
licable  and  suitable  place. 

Ind  ate  vvhelher  each  of  the  following  statements  is  true  or 
t  Ise  by  placing  a  T  or  F  in  each  blank.  Correct  false 
statements. 

 1 .    Before  servicing  or  disassembling  equipment  in 

a  hazardous  location,  the  supply  circuit  must  bo 
deenergized. 


2.  Leaving  a  screw  or  bolt  out  of  an  explosicn- 
proof  box  cover  couM  render  the  equipment 
unsafe. 


3.  When  disassembling  or  assembling  hazardous 
equipment,  care  should  be  exercised  not  to 
damage  surfaces. 


4.    When  storing  hazardous  equipmeni,  covers  and 
their  mating  bodies  should  be  stored  separately. 


5.  Particles  of  foreign  material  accumulating  on 
surface  joints  of  inclosure  are  necessary  to 
make  a  close  fit. 


6.  Always  use  abrasive  material  to  remove 
corrosion  products  from  threaded  or  flat-joint 
surfaces. 


7.  Flexible  cords  used  with  portable  equipment  in 
hazardous  areas  must  be  replaced  if  mechanical 
damage  or  deterioration  is  found. 


8-  When  painting  the  exterior  surfaces  of 
equipment  in  hazardous  locations,  avoid 
painting  the  nameplate. 
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9.  li\  during  a  pre^'cnlive  maintenance  inspection, 
you  find  frayed  or  damaged  insulation  on 
conductors,  these  wires  must  be  taped,  repaired 
or  replaced. 


10.    Loose  connections  found  on  an  inspection  must 
be  corrected  to  prevent  excessive  heat. 


11.    A  good  indication  of  a  poor  connection  is 
cojTosion. 


12.  If  a  device  fails  to  operate  when  an  inspection 
and  maintenance  check  is  being  performed »  it 
should  be  repaired  or  replaced. 


420.  Identify  proper  methods  of  performing  specific 
troubleshooting  and  repair  and  replacement  procedures 
in  hazardous  locations. 

Troubleshooting  Procedures.  In  order  to  keep 
electrical  equipment  operating  at  peak  efficiency,  both  the 
circuits  and  the  equipment  must  be  kept  in  top  operating 
condition.  Sometimes  trouble  will  develop  and  must  be 
repaired;  however,  before  troubles  can  be  corrected,  they 
must  be  located.  As  with  maintenance,  it  is  of  utmost 
importance  that  all  electrical  equipment  be  deenergized 
before  disassembling  and  troubleshooting  an  electrical 
circuit. 

Basic  troubleshooting  techniques  and  types  of  electrical 
troubles  will  not  be  covered  in  this  section.  Refer  to 
Volume  2,  Chapter  9,  of  this  CDC  for  information 
concerning  electrical  troubles.  This  section  will  be 
concerned  with  specific  requirements  and  procedures 
required  when  troubleshooting  in  hazardous  areas. 

Spark' hazard  precautions.  To  avoid  spark  hazards,  you 
must  make  every  effort  to  eliminate  hazardous  conditions. 
When  you  must  do  work  where  you  cannot  eliminate  spark 
hazards,  you  must  make  a  safety  engineering  analysis  of  the 
work  area  and  the  operation.  If  the  analysis  shows  an 
unacceptable  degree  of  risk,  develop  and  use  precautions, 
procedures,  and  tools  that  will  insure  a  safe  operation  under 
the  circumstances. 

You  must  take  more  than  ordinary  care  when 
troubleshooting  equipment  in  hazardous  locations.  All  work 
that  is  done  in  a  hazardous  location  must  be  done  by 
qualiFied  persons  authorized  to  do  such  work. 

Non-spark-producing  tools.  In  some  instances,  it  has 
been  required  in  the  past  to  use  non-spark-producing  tools 
in  hazardous  locations.  After  some  research  in  this  area.  Air 
Force  directives  have  determined  that  no  safety  advantage 
is  gained  by  using  nonferrous  tools.  This  means  that  when 
working  in  a  hazardous  area,  no  special  hand  tools  are 
required. 
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All  Hashlights  and  lanterns  powered  by  low  voltage  dry 
cell  batteries  must  be  approved  for  use  in  the  area  in  which 
they  are  used.  For  example,  if  you  were  working  in  a  Class 
11  area,  your  Hashlight  must  be  rated  for  a  Class  II 
hazardous  location,  A  Hashlight  approved  for  a  Class  I 
hazardous  location  is  considered  satisfactory  tor  both  Class 
1  and  Class  II  hazardous  locatiotis. 

Use  type  iiO  flexible  hand  service  cord  for  any  electrical 
tools  or  extension  cords.  Use  thrce-wiiv  cords  for 
equipment  in  Class  1  and  Class  11  locations,  so  that  all 
external  parts  are  effectively  grounded.  All  cords  will  also 
have  a  Ihiee  prong  atiachincm  [)lug. 

Test  equipment .  Use  the  weakest  possible  power  source 
for  electrical  or  electronic  test  equipment.  If  feasible,  use 
battery-powered  equipment  instead  of  that  with  a  1 10-volt 
source.  In  any  event,  the  test  power  source  shoulo  not  be 
capable  of  initiating  the  hazardous  substance  in  that  area. 
Where  greater  power  must  be  used,  provide  positive 
safeguards  to  prevent  delivery  of  enough  power  to  ignite 
any  hazardous  substance. 

Do  not  place  test  equipment  in  hazardous  locations  unless 
necessary;  even  then  it  must  be  suitable  for  safe  operation  in 
that  environment.  Give  special  attention  to  the  ventilation 
requirements  of  equipment  containing  vacuum  tubes  and 
the  possibility  of  malfunction  of  equipment  using  resistors 
and  other  devices  for  limiting  testing  power.  Unless  the  test 
equipment  is  incapable  of  igniting  the  item  being  tested, 
provide  operational  shields  where  needed  to  protect 
personnel  from  injury. 

Repairing  and  Replacing  Procedures.  Before  it  is 
placed  into  routine  operation,  all  newly  repaired  process 
equipment  for  use  in  a  hazardous  location  or  operation  must 
be  examined  and  tested  to  assure  that  it  is  in  safe  working 
condition.  This  must  be  done  by  a  designated  person.  If  the 
machinery  or  equipment  does  not  appear  to  work  properly, 
discontinue  operation  if  the  immediate  stoppage  does  not 
create  a  new  hazard. 

Before  repairs  are  allowed  on  any  equipment  that  has 
been  exposed  to  a  hazardous  substance,  clean  the 
equipment  and  tag  it.  The  operating  supervisor  must  sign 
the  tag,  certifying  that  all  substances  have  been  removed.  If 
it  is  impossible  to  clean  some  part  of  the  equipment,  note 
this  on  the  tag,  together  with  clear  instructions  to  electrical 
personnel  on  how  to  handle  it  safely. 

Do  not  undertake  major  repairs  or  changes  in  a  hazardous 
location  during  regular  operations  without  removing  the 
hazardous  material.  Obtain  the  consent  of  the  immediate 
supervisor  in  charge  of  the  area. 

Before  beginning  repairs  in  a  hazardous  location,  inspect 
the  area  for  the  presence  of  any  hazardous  substance. 
Remove  all  such  material  from  equipment,  crevices  beneath 
floors,  within  walls  and  pipes,  and  under  fittings  where 
these  substances  may  be  ignited.  The  area  should  be  wet  or 
be  washed  down  thoroughly. 

When  electrical  personnel  enter  buildings  in  which 
conductive  shoes  are  required,  all  electrical  equipment  must 
be  deenergized.  Electricians  must  normally  wear 
nonconductive  shoes  to  prevent  any  electrical  hazards  from 
developing. 
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Exercises  (420): 

Indicate  whether  each  of  the  following  statements  is  true  or 
false  by  placing  T  or  F  in  each  blank.  Correct  false 
statements. 

 1.    To  avoid  spark  hazards,  you  must  make  every 

effort  to  eliminate  hazardous  conditions. 


A  good  lantern  to  use  in  a  hazardous  location  is 
one  powered  by  1 15  VAC. 


All  test  equipment  used  for  troubleshooting 
must  be  located  in  the  hazardous  area. 


.2.    All  electrical  work  done  in  hazardous  locations 
must  be  performed  by  qualified  persons  only. 


.5.    Repairs  of  hazardous  location  wiring  should 

always  be  done  after  removing  the  iiazardous 
material. 
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CHAPTER  3 


Special  Equipment 


THIS  CHAPTER  deals  with  the  operation  and  function  of 
transformers,  regulators,  battery  banks,  chargers, 
emergency  lights  and  appliances.  These  devices  are  used 
extensively  in  electrical  systems  in  the  Air  Force.  As  an 
electrician,  you  should  have  a  background  concerning  these 
components.  This  will  help  you  understand  the  base 
installed  electrical  systems. 

3-1 .  Transformers 

When  you  studied  AC  circuits  in  Volume  2  of  this  CDC, 
you  learned  that  AC  as  a  source  of  power  has  certain 
advantages  over  DC.  The  most  important  advantage  of  AC 
is  that  the  voltage  level  can  be  increased  or  decreased  by 
means  of  a  transformer.  Although  transformer  theory  and 
application  were  also  co^'ered  in  Volume  2  of  this  CDC,  we 
are  going  to  review  some  of  the  material  here  to  refresh 
your  memory. 

421.  Identify  structural  and  operational  details  of 
transformers. 

Transformers.  A  transformer  is  a  device  having  no 
moving  parts  which  transfers  energy  from  one  circuit  to 
another  by  electromagnetic  induction.  The  energy  is 
transferred  always  without  a  change  in  frequency  but 
usually  with  changes  in  voltage  and  current.  A  step-up 
transformer  receives  electrical  energy  at  one  voltage  and 
delivers  it  at  a  higher  voltage.  Conversely,  a  step-down 
transformer  receives  energy  at  one  voltage  and  delivers  it  at 
a  lower  voltage.  You  are  normally  working  with  step-down 
transformers.  You  need  to  give  little  care  and  maintenance 
to  the  transformers  because  of  their  simple,  rugged,  and 
durable  construction.  The  efficiency  of  transformers  is 
responsible  for  the  extensive  use  of  AC.  The  conventional 
constant-potential  transformer  is  designed  to  operate  with 
the  primary  connected  across  a  constant  potential  source. 
The  secondary  voltage  is  substantially  constant  from  no 
load  to  full  load.  Let  us  briefly  review  the  construction  of 
transformers. 

Transformer  construction.  The  typical  transformer  has 
two  windings  that  are  electrically  insulated  from  each  other. 
These  windings  are  wound  on  a  common  magnetic  core 
made  of  laminated  sheet  steel.  The  principal  parts  are:  (1) 
the  core,  which  provides  a  circuit  of  low  reluctance  for  the 
magnetic  flux;  (2)  the  primary  winding,  which  receives  the 
energy  from  the  AC  source;  (3)  the  secondary  winding, 
which  receives  the  energy  by  mutual  induction  from  the 
primary  and  delivers  it  to  the  load;  and  (4)  the  case  that 
protec.o  the  transformer  from  moisture  and  physical 
damage  and  also  helps  to  cool  the  transformer  unit. 


The  most  commonly  used  forms  of  transformer 
construction  are  the  core  and  the  shell  types.  The  cores  are 
built  of  thin  stampings  of  silicon  steel.  In  the  core  type  of 
transformer,  the  copper  windings  surround  the  laminated 
steel  core.  In  the  shell  type  of  transformer,  the  core 
surrounds  the  copper  windings.  Control  and  small  power 
tra.i3formcrs  are  generally  of  the  core  type,  while  some  of 
the  largest  power  transformers  are  of  the  shell  type. 

Control  and  signal  transformers  are  normally  self-air- 
cooled.  They  may  be  of  the  open  type  with  no  protective 
casing  over  the  windings  or  of  the  inclosed  type  with  a 
metal  casing  over  the  windings. 

Distribution  and  large  power  transformers  are  normally 
cooled  by  placing  the  complete  core  and  coil  assembly  in  a 
steel  tank  and  immersing  this  in  a  special  mineral  oil  to 
insulate  and  cool  the  unit.  Transformers  are  built  in  both 
single-phase  and  polyphase  units.  A  three-phase 
(polyphase)  transformer  consists  of  a  separate  insulated 
winding  to  each  of  the  different  phases. 

Principles  of  operation.  The  operation  of  a  transformer 
is  based  on  the  principle  that  electrical  energy  can  be 
transferred  efficiently  by  mutual  induction  from  one 
winding  to  another.  When  the  primary  winding  is 
energized  from  an  AC  source,  an  alternating  magnetic  flux 
is  established  in  the  transformer  core.  This  flux  links  the 
windings  of  the  primary  and  secondary,  thereby  inducing 
voltage.  Because  the  same  flux  cuts  both  windings,  the 
same  voltage  is  induced  in  each  turn  of  both  windings. 
Therefore,  the  total  inducted  voltage  in  each  winding  is 
proportional  to  the  number  of  turns  in  that  winding.  This  is 
shown  in  figure  3- 1 . 

The  voltage  induced  in  the  secondary  will  depend  on  the 
number  of  turns  in  the  secondary  and  the  number  of  turns  in 
the  primary.  For  example,  if  there  are  1000  turns  in  th^*; 
secondary  and  100  turns  in  the  primary,  the  voltage  induced 
in  the  secondary  will  be  10  times  the  voltage  applied  to  the 
primary.  If  there  are  more  turns  in  the  secondary  than  there 
are  in  the  primary,  the  transformer  is  called  a  step-up 
transformer.  If,  on  the  other  hand,  the  secondary  has  10 
turns  and  the  primary  has  100  turns,  the  voltage  induced  in 
the  secondary  will  be  one-tenth  of  the  voltage  applied  to  the 
primary.  Since  there  are  fewer  turns  in  the  secondary  than 
there  are  in  the  primary,  the  transformer  is  called  a  step- 
down  transformer. 

Transformer  losses.  Not  all  electrical  energy  from  the 
primary  coil  is  transferred  to  the  secondary  coil.  A 
transformer  has  some  losses.  The  actual  efficiency  is  less 
than  100  percent  but  usually  more  than  90  percent.  There 
are  two  types  of  transformer  losses:  copper  losses  and  core 
losses. 
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F-igurc  3-1 .  Slcp-up  and  step  down  iranstomicrs. 


Copper  losses.  Copper  losses  represent  the  power  loss  in 
resistance  of  the  wire  in  the  windings.  These  are  called 
copper  lossej  because  copper  wire  is  used  for  the  windings. 

Core  losses.  Core  losses  are  due  to  eddy  currents  and 
hysteresis.  The  magnetic  field  which  induces  current  in  the 
secondary  side  also  cuts  through  the  core  material,  causing 
a  current,  known  as  eddy  current,  to  flow  through  the  core. 
These  currents  are  like  the  swirls  of  water  left  behind  a  boat 
that  is  moving  across  a  lake.  Eddy  currents  heat  the  core 
material,  a  sign  that  power  is  being  used.  By  making  a  core 
of  tb'  .  sheets  of  metal  insulated  by  varnish  (laminating), 
the  cross  section  of  each  current  path  is  reduced,  and  the 
resistance  to  eddy  current  flow  increases,  thus  reducing 
power  losses. 

Hysteresis  losses  depend  on  the  core  material  used.  Each 
time  the  AC  current  reverses  in  the  primary  winding,  the 
field  in  the  core  reverses  its  magnetic  polarity.  A  certain 
amount  of  power  is  required  for  this  field  reversal,  resulting 
in  a  loss  called  hysteresis  loss.  To  reduce  hysteresis  loss  to  a 
minimum,  a  material  called  silicon  steel,  which  changes 
polarity  easily,  is  used  as  the  core. 

Power  Factor.  In  addition  to  the  power  losses  we  just 
discussed,  there  are  other  factors  that  affect  the  efficiency 
of  a  transformer.  One  is  the  inductance  in  the  coil  caused 
by  the  current  lagging  the  voltage  (out  of  phase)  and  the 
impedance  of  the  transformers. 

All  these  factors  calculated  together  give  us  a  rating 
known  as  power  factor.  Power  factor  is  the  ratio  of  the  true 
power  measured  in  watts  of  kilowatts  (kW)  to  the  apparent 
power  measured  in  voltamperes  or  kilovolt-amperes  (kVA). 


The  power  factor  can  be  expressed  as  a  decimal  or  as  a 
percentage.  Thus,  a  power  factor  of  0.8  is  the  same  as  80 
percent.  Kilowatts  are  measured  by  the  use  of  a  wattmeter 
and  will  indicate  real  power  or  power  which  is  available  for 
work.  Kilovolt-amperes  are  measured  by  the  use  of  a 
voltmeter  and  ammeter  and  will  indicate  total  effect  on  the 
circuit  or  apparent  power.  The  formula  used  to  find  the 
power  factor  of  an  electrical  component  such  as  a 
transfomier  is: 


Power  factor  = 
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kW  late  power 
kVA  (apparent  power ) 


or  (pf 


kW 
kVA 


Multiply  by  100  to  get  a  percentage. 

Connections.  Transformer  connections  vary  according  to 
the  type  of  transformer  and  type  of  system  in  which  it  is 
connected.  You  make  different  connections  in  order  to  meet 
the  specific  load  demands  of  a  particular  or  special 
circumstance. 

You  connect  single-phase  transformers  according  to  the 
demand.  You  may  connect  them  for  lighting  loads  only  or 
for  combination  lighting  and  power  loads.  If  the  demand  is 
for  a  small  lighting  load  only,  you  connect  the  secondary 
windings  (which  are  the  low-voltage  windings)  in  parallel. 
The  result  is  120  volts  for  lights.  As  you  know,  if  a  greater 
load  is  drawn  from  a  transformer  than  its  rated  load,  the 
transformer  will  bum  out.  To  be  certain  of  having  the 
correct  transformer  for  the  demand,  you  may  use  a  formula 
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to  convert  into  kilovoltamperes  the  apparent  power  from  the 
transformer  which  is  providing  120  volts  for  lights.  This 
formula  is 


KVA 


L  = 


1  X  120 
1000 


L  represents  the  kVA  load;  I  represents  the  current  in 
amperes;  and  120  is  the  amount  of  voltage.  Current 
multiplied  by  voltage  gives  voltamperes  and  is  expressed  as 
such.  You  want  to  express  the  load  in  kVA,  since  the 
transformer  is  rated  in  kVA.  You  remember  that  the  prefix 
**kilo"  means  thousand;  by  this  method,  you  divide  the 
voltamperes  by  1000  to  express  the  load  in  kVA.  For 
example,  in  the  formula  used  with  a  single-phase 
transformer  which  is  connected  so  that  it  produces  120  volts 
for  lighting,  assume  that  the  current  available  is  10 
amperes.  Use  the  formula: 


kVA  =  L 


10(1)  X  I20(v) 
1000 


=  1.2  kVA 


A  varying-potential  transformer  is  used  to  vary  the 
secondary  voltage  when  connected  to  a  constant  primary 
voltage.  This  type  of  service  is  what  is  found  in  a  voltage 
regulator  or  a  ballast  for  mercury- vapor  lamps. 

A  current  transformer  is  used  to  change  the  current  of  a 
system.  Its  primary  winding  is  connected  in  series  with  the 
circuit  in  which  it  is  desired  to  change  the  current.  The 
voltage  on  both  the  primary  and  secondary  will  change  with 
the  change  in  current  in  the  system.  This  type  of 
transformer  is  used  in  instrument  transformers. 

A  constant-current  transformer  is  used  to  supply  a 
constant  secondary  current  to  a  system  no  matter  what  the 
load  is.  The  primary  is  connected  to  a  constant  voltage  but 
the  secondary  voltage  will  vary  according  to  the  load.  This 
type  of  transformer  is  used  a  lot  in  series  street  lighting  and 
airfield  lighting  systems.  It  is  more  commonly  called  a 
constant  current  regulator. 

Exercises  (421): 

1.  Explain  the  basic  difference  between  a  step-up  and 
step-down  transformer. 


As  mentioned  previously,  the  transformer  rating  should 
equal  the  kVA  of  the  demand.  The  load  determines  the  size 
of  the  transformer  required,  but  the  power  factor  of  the  load 
determines  the  amount  of  usable  power.  The  kVA  placed 
into  the  system  is  greater  than  the  kW  which  can  be  taken 
out  of  the  system.  Ammeters  and  voltmeters  indicate  total 
current  and  voltage  regardless  of  the  power  factor,  while  the 
wattmeter  indicates  the  effective  product  of  the 
instantaneous  values  of  voltage  and  current.  A  wattmeter 
indicates  the  true  power.  You  have  seen  that  a  secondary 
connected  in  parallel  provides  single-phase  service  which 
meets  the  demands  for  lighting  only. 

A  three-wire  system  makes  it  possible  to  serve  both  1 20- 
volt  lighting  and  240-volt  power  loads  at  the  same  time. 
The  transformer,  as  you  remember,  has  two  secondary 
windings,  and,  when  the  two  secondary  windings  are 
connected  in  series,  their  voltages  add;  when  the  secondary 
windings  are  connected  in  parallel,  their  currents  add.  For 
example,  if  each  secondary  winding  is  rated  at  120  volts 
and  10  amperes,  the  series-connection  output  rating  will  be 
240  volts  at  10  amperes  or  2.4  kVA;  the  parallel-connection 
output  rating  will  be  120  volts  at  20  amperes,  or  2.4  kVA. 

Types  of  transformers.  Transformers  are  classed 
according  to  service,  purpose,  method  of  mounting,  and 
cooling.  We  are  mainly  concerned  with  the  type  of  service 
and  mounting.  Power,  distribution,  and  instrument  are  the 
main  types  you  will  use. 

Purpose  of  transformers.  The  purpose  of  a  transformer 
will  determine  how  it  is  used  in  a  circuit. 

A  constant-potential  transformer  is  used  to  change  the 
voltage  of  a  system.  Its  primary  is  connected  across  a  steady 
voltage  supply  and  provides  a  steady  secondary  voltage 
which  is  the  same  from  no  load  to  full  load.  Power  and 
distribution  type  transformers  are  of  this  type.  The  current 
in  both  the  primary  and  secondary  changes  when  the  load  is 
changed. 


2.  What  are  the  four  principal  parts  of  a  transformer? 


3.  What  is  the  process  by  whicii  a  current  is  induced  from 
one  coil  to  another  by  use  of  an  expanding  and 
contracting  magnetic  field? 


4.  What  type  of  transformer  is  normally  oil  cooled? 


5.  What  is  the  secondary  voltage  of  a  transformer  with  a 
10: 1  turn  primary  operating  on  240  volts? 


6.  Name  the  two  types  of  transformer  losses. 


7.  What  material  is  used  to  reduce  hysteresis  loss  to  a 
minimum? 


8.  Solve  for  power  factor  of  a  transformer  measuring 
25.5  kW  with  apparent  power  measuring  30  kVA. 
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9.  What  type  of  power  is  indicated  by  a  wattmeter? 


10.  Explain  the  relationship  of  voltage  and  current  of  two 
secondary  transformer  windings  connected  in  parallel. 


1 1 .  What  is  the  purx>ose  of  an  instrument  transformer? 


422.  Identify  proper  procedures  for  rating  and 
connecting  transfonaers. 

Transformer  Ratings.  Transformers  are  rated 
according  to  their  voltage  capacity  and  current-carrying 
capability.  The  voltage  a  transformer  is  able  to  carry  is 
based  on  the  insulation  value  of  the  coils  and  bushings.  The 
current  or  amperage  a  transformer  can  carry  is  based  on  the 
size  of  the  wire  in  the  coils  and  the  size  of  the  terminal 
connections.  The  voltage  and  current  are  combined  into  a 
voltampere  rating.  When  the  VA  rating  is  over  1000,  the 
transformer  ratings  are  expressed  in  kilovolt-amperes 
(kVA). 

Transformer  data  plate.  Every  transformer  should  have  a 
data  plate  mounted  on  the  case  to  give  you  information 
concerning  the  operation  and  "hook  up.*'  See  figure  3-2. 
The  most  useful  information  for  us  is  the  working  voltages; 
that  is,  the  primary  or  line  voltage  and  load  or  secondary 
voltage.  We  will  also  need  to  know  the  maximum  amperage 
capacity  available.  The  data  plate  in  figure  3-2  shows  us 
that  the  transformer  primary  voltage  is  4  JO.  The  secondary 
voltage  is  208  line  to  line*  or  120  line  to  neutral.  The 
capacity  is  rated  at  150  kVA. 

Voltage  taps  and  connections.  You  may  need  to  obtain  a 
voltage  different  from  that  of  the  complete  winding.  To  do 
this,  most  distribution  and  power  transformers  will  have 
either  taps  or  jumpers  on  the  high- voltage  windings.  This 


allows  a  1 0-percent  increase  of  decrease  in  the  supply 
voltage  to  be  overcome,  so  that  the  rated  secondary  voltage 
can  be  obtained. 

The  data  plate  in  figure  3-2  shows  seven  jumper 
connections  on  the  primary  winding  which  are  used  to 
maintain  the  proper  voltage  on  the  secondary  winding. 
Notice  that  tap  3  is  used  for  a  480  volt  input.  This  would  be 
your  setting  on  a  normal  installation.  If  your  primary 
voltage  was  above  or  below  480  volts,  you  would  adjust  the 
primary  tap  setting  accordingly. 

Figure  3-3  is  the  actual  transformer  the  data  plate  (fig.  3- 
2)  was  taken  from.  You  can  see  the  three  windings,  the 
primary  H  terminals  and  secondary  X  terminals.  Follow  the 
HI  conductor  to  the  right-hand  coil.  This  point  would  be 
tap,  or  junction  one  on  the  data  plate.  We  can  determine 
this  because  it  is  the  maximum  length  of  coil  HI.  The 
remaining  taps  are  staggered  from  left  to  right  coming  up 
the  coil,  with  tap  No.  7  on  the  top. 

Lead  markings  and  polarity .  To  get  the  proper 
connection  of  transformer  coils  and  the  connection  of 
several  transformers  in  parallel,  a  standard  system  of 
marking  has  been  adopted  by  the  various  manufacturers. 
Practically  all  transformers  have  two  windings  on  the 
secondary  and  may  or  may  not  have  two  windings  on  the 
primary.  Marking  always  allows  connection  of  either  series 
or  parallel  circuits  to  obtain  higher  voltages  or  permits 
high-current  draw  at  lower  voltage. 

Marking  rules  are  as  follows:  All  coil  leads  of  the  lower 
voltage  windings,  whether  primary  or  secondary,  are 
marked  with  the  letter  "X."  All  coil  leads  of  the  higher 
voltage  windings  are  marked  with  the  letter  "H."  For 
example*  on  a  240/120-volt  stepdown  transformer,  the 
primary  leads  (240v)  are  marked  "H"  and  the  secondary 
leads  (120v)  are  marked  "X."  However,  on  a  120/240-volt 
step-up  transformer,  the  primary  leads  (l?Ov)  are  marked 
"X"  and  the  secondary  leads  (240v)  are  marked  "H." 

A  numerical  subscript  follows  the  H  and  X  markings, 
starting  with  No,  1  at  one  end  of  the  winding  and 
numbering  the  leads  consecutively  to  the  other  end.  Thus, 
the  highest  voltage  across  either  winding  would  be  from  H, 
or  X,  to  the  lead  of  the  highest  subscript,  provided  that  all  of 
the  individual  coils  are  properly  connected  in  series. 
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Figure  3-2.  Transformer  data  plate. 
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Figure  3-3.  Three-phase  dry  transformer  internal  coils. 


A  definite  instantaneous  polarity  relationship  also  exists 
between  the  primary  and  the  secondary  windings.  In  view 
of  this,  the  windings  are  so  marked  that  when  H,  is  (  +  ),  X, 
is  also  (+);  or,  otherwise  stated,  when  current  flow  is  in  at 
Hj,  it  is  out  at  X,.  Observing  these  markings  is  especially 
important  when  connecting  transformers  in  parallel  or  in 
three-phase  systems. 

Exercises  (422): 

Indicate  whether  each  of  the  following  statements  is  true  or 
false  by  placing  T  or  F  in  each  blank.  Correct  false 
statements. 


_4. 


I.    Voltage  capacity 
capability     are  the 
transformers. 


and  current-carrying 
normal     ratings  of 


Transformer  taps  or  jumpers  are  connected  on 
the  low  voltage  windings  to  regulate  the 
secondary  voltage. 


Transformer  marking  rules  require  all  primary 
connections  to  be  marked  with  the  letter  '^H." 


423.  State  pertinent  facts  concerning  the  installation  and 
connection  of  transformers  and  state  inspection  and 
maintenance  procedures  that  reduce  transformer 
failure. 


.2.  A  transformer's  current-carrying  capability  is 
based  on  the  insulation  value  and  size  of  the 
wire  in  the  coils. 


The  most  useful  information  on  a  transformer 
dataplate  is  the  working  voltages. 


Installation  and  Connection.  When  installing  or 
replacing  a  new  single-phase  or  three-phase  transformer, 
you  should  be  concerned  with  the  requirements  in  Article 
450  of  the  National  Electrical  Code. 

When  installed,  a  transformer  shall  be  readily  accessible 
to  qualified  personnel  for  inspection  and  maintenance.  This 
means  that  transformers  shall  be  secured  in  a  vault  or  areas 
so  only  personnel  who  work  with  the  system  can  obtain 
access. 

Like  all  electrical  equipment,  transformers  must  have 
some  form  of  overcurrent  protection.  Each  transformer  that 
operates  at  600  volts  or  less  shall  be  protected  by  an 
individual  overcurrent  device  on  the  primary  side,  rated  or 
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set  at  not  more  than  125  percent  of  the  rated  pnmary  current 
of  the  transformer.  For  example,  if  we  were  installing  a 
transformer  with  a  primary  current  of  100  amps,  the 
overcurrent  device  should  be  125  amps  maximum. 
Sometimes  it  is  not  feasible  to  install  an  overcurrent  device 
on  the  primary  of  a  transformer.  In  this  case,  an  overcurrent 
device  can  be  installed  on  the  secondary  as  long  as  it  does 
not  exceed  125  percent  of  the  secondary  current.  This  is  a 
legal  installation  only  if  the  primary  feeder  overcurrent 
device  is  rated  or  set  at  a  current  value  not  more  than  250 
percent  of  the  rated  primary  current  of  the  transformer.  For 
example  a  150  kVA  transformer  has  a  current  rating  on  the 
primary  of  180  amps  and  a  secondary  current  rating  of  '  16 
amps.  If  the  transformer  was  installed  as  stated  above,  the 
overcurrent  device  on  the  secondary  should  not  exceed  520 
amps  as  long  as  the  primary  feeder  overcurrent  device  does 
not  exceed  450  amps. 

Transforrrers  installed  indoors  fall  into  two  sections, 
above  112^2  kVA  rating  and  below  1121/2  kVA. 
Transformers  rated  less  than  1 121/2  kVA  must  be  installed  at 
least  12  inches  from  combustible  material  unless  separated 
by  a  fire-resistant,  heat-insulating  barrier  or  completely 
inclosed  except  for  ventilating  openings.  Transformers  of 
more  than  112^/2  kVA  rating  shall  be  installed  in  a 
transformer  room  of  fire-resistant  construction.  Dry-type 
transformers  installed  outdoors  shall  have  a  weatherproof 
inclosure. 

There  are  many  other  requirements  when  installing 
transformers.  To  insure  the  proper  installation,  electricians 
should  also  follow  requirements  for  grounding,  inclosure, 
and  conductors  in  accordance  with  the  National  Electrical 
Code. 

Single-phase.  Transformer  connections  are  very 
important.  Befoie  connections  can  be  made,  you  should 
identify  the  primary  and  secondary  windings.  Transformer 
nameplates  are  usually  marked  to  indicate  connection 
procedures  of  the  transformer  windings.  High-voltage  leads 
of  a  transformer  are  marked  with  an  H,  and  the  low-voltage 
leads  are  marked  with  an  X. 

Three-phase.  The  connection  of  a  three-phase 
transformer  requires  the  same  procedures  as  a  single-phase 
transformer,  except  that  the  electrician  must  be  aware  of  the 
3  or  4  wire  system.  Three-phase  transformer  windings  will 
be  connected  in  one  of  the  following  manners,  depending 
on  the  needs  of  the  facility. 

•  Primary  is  delta  and  secondary  is  delta. 

•  Primary  is  wye  and  secondary  is  wye. 

•  Primary  is  delta  and  secondary  is  wye. 

•  Primary  is  wye  and  secondary  is  delta. 

Delta-delta  connection  for  power  only.  The  connection 
shown  in  figure  3-4  has  been  used  a  lot  to  supply  three- 
phase  power.  It  is  called  a  delta-delta  connection.  The 
primary  and  secondary  are  in  a  delta  configuration.  You 
will  note  that  each  transformer  is  connected  to  two  of  the 
phases  both  in  the  primary  and  secondary.  Ground  one  of 
the  midtaps  for  your  safety  and  protection  of  the  equipment. 

Delta-delta  connection  for  light  and  power.  When  light 
and  power  are  to  be  supplied  from  the  same  bank  of 
transformers,  the  midtap  of  the  secondary  of  the  middle 
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Figure  3-4.  Delta-delta  connection  for  power. 


transformer  is  grounded  and  connected  to  a  fourth  wire  of 
the  three-phase  secondary  system,  as  shown  in  figure  3-5. 
The  lighting  load  is  then  divided  between  the  two  hot  wires 
of  this  same  transformer,  the  grounded  wire  being  common 
to  both  branches.  This  type  o  connection  is  used  when  the 
powerload  is  more  than  60  percent  of  the  total  load  on  the 
bank.  You  will  note  that  the  voltage  as  measured  between  A 
and  N  is  higher  than  B  to  N  or  C  to  N.  Phase  A  is  called  the 
wild,  or  stinger,  leg.  This  is  an  unusable  voltage. 
Connecting  120- volt  equipment  to  A  phase  and  neutral  will 
cause  it  to  operate  improperly,  with  the  likelihood  of 
extensive  damage  to  the  equipment.  Where  the  lighting 
load  is  large,  the  transformer  that  the  neutral  is  tapped  off  of 
should  be  proportionately  larger  than  the  other  two 
transformers. 

Delta-wye  connection.  In  all  banks  mentioned  before, 
which  serve  light  and  power  on  the  secondary,  the  grounded 
secondary  wire  is  not  the  neutral  of  the  three-phase  system 
but  is  the  midpoint  of  one  leg  of  the  delta.  Furthermore,  all 
the  lighting  load  is  put  on  two  of  the  three  phases;  thus,  the 
primary  currents  in  any  bank  are  unbalanced.  In  the  delta- 
wye  connection,  figure  3-6,  the  neutral  of  the  three-phase 
secondary  svstem  is  grounded. 

The  siii^le-phase  loads  are  connected  between  the 
different  phase  wires  and  neutral.  The  three-phase 
p)Owerloads  are  connected  to  the  three-phase  wires.  Thus, 
120  volts  is  supplied  to  the  lighting  load  and  208  volts  to  the 
powerload.  With  this  type  of  bank,  the  single  phase  in  each 
bank  by  itself  and  the  secondaries  of  different  banks  can  be 
tied  together.  The  208  volts  is  obtained  by  multiplying  the 
phase  voltage  (120)  times  1.732.  This  will  produce  208 
volts,  or  the  line  voltage  as  measured  from  phase  to  phase. 
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Figure  3-5.  Etella-della  connection  for  both  power  and  light. 


Wy^-wve'  connection  for  light  and  power.  The  primaries 
of  the  transfonners  can  also  have  a  wye  connection,  as 
shown  in  figure  3-7.  When  the  distribution  feeder  voltage  is 
four-wire  wye,  transformers  having  primary  winding  of  the 
phase-to-neutral  voltages  are  used.  The  primary  neutral 
must  be  available  and  tied  solidly  (bonded  or  banded)  with 
the  secondary  neutral  of  the  bank.  If  the  three-phase  load  is 
unbalanced*  the  neutrals  carry  the  unbalanced  current.  The 
neutrals  must  remain  solidly  connected  and  grounded  to 
stabilize  voltage  and  dispose  of  third  hannonic  voltages 
which  appear  in  the  event  of  an  open  neutral  connection. 

Wye-delta  connection  for  light  and  power.  The  wye- 
delta  connection  is  often  used  for  light  and  power  when 
more  than  60  percent  of  the  total  load  is  power.  This  bank 
can  be  used  even  when  the  primary  neutral  is  not  available. 
The  neutral  is  floated  to  prevent  two  transformers  from 
functioning  as  an  open  delta  bank  in  the  event  one 
transformer  fails.  See  figure  3-8.  The  main  disadvantage  of 
this  hookup  is  that  full  load  current  flows  in  the  neutral, 
even  though  the  three-phase  load  may  be  balanced.  This 
type  of  bank  is  satisfactory  when  the  main  part  of  the  load  is 
power  and  the  single-phase  load  is  small. 

Inspection  and  Maintenance.  As  with  any  other 
electrical  equipment,  sometimes  we  have  transformer 
failures.  In  the  hope  of  preventing  or  reducing  failures  of 
transformers,  we  must  periodically  inspect  and  perform 
maintenance  on  them. 

A  transformer  needs  less  care  than  any  other  type  of 
electrical  apparatus,  because  it  does  not  have  any  moving 
parts.  Since  no  lubrication  is  required*  many  operating  and 
maintenance  problems  are  eliminated.  As  a  result  of  this. 
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Figure  3-6.  Delta-wye  connection  for  power  and  light. 


Figure  3-7.  Wye-wye  connection  for  power  and  light. 
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2.  What  maximum  size  transformer  mounted  indoors 
must  be  installed  at  least  12  inches  from  combustible 
material? 


3.   What  are  the  two  types  of  three-phase  transformer 
connections? 


4.  What  three-phase  transformer  bank  has  a  wild,  or 
stinger,  leg  containing  unusable  voltage  on  120-volt 
equipment? 


5.  What  three-phase  transformer  bank  has  the 
disadvantage  of  full  load  current  flowing  in  the 
neutral,  even  though  the  three-phase  load  may  be 
balanced? 


CEO-021 


Figure  3-8.  Wye-delta  connection  for  power  and  light. 

transformers  are  likely  to  be  neglected.  However,  neglect 
of  certain  fundamental  requirements  may  lead  to  trouble 
and  even  to  failure  cf  the  transformer. 

For  minimum  maintenance  expense,  careful  inspection 
of  transformers  is  necessary.  No  matter  how  satisfactory  the 
operation  of  a  transformer  may  be,  it  is  a  good  plan  to  take 
the  transformer  out  of  service  and  thoroughly  inspect  it 
every  few  years.  All  nuts  and  bolts  should  be  checked  to  see 
that  mechanical  parts  are  tight  and  that  all  parts  are  in  their 
proper  places. 

Electrical  connections  should  be  checked  and  kept  tight 
to  prevent  overheating.  External  parts  must  be  kept  painted. 
The  area  around  and  inside  the  transformer  should  be  kept 
as  clean  as  possible. 

Your  inspection  and  maintenance  steps  must  insure 
accessibility  of  the  transformer  at  all  times.  There  should 
not  be  any  foreign  items  stacked  on  top  of  or  around  the 
outside  of  the  transformer.  Airflow  could  be  restricted  and 
cause  increased  heating  of  the  transformer. 

The  final  step  in  transformer  maintenance  is  taking  a 
voltage  reading  under  load  and  adjusting  the  tap  setting  for 
the  voltage  specified  on  the  data  plate. 

Exercises  (423): 

1.  What  size  overcurrent  device  is  required  on  the 
primary  side  of  a  transformer  with  a  rated  primary 
current  of  50  amps? 


6.  How  often  should  you  take  a  transformer  out  of  service 
and  thoroughly  inspect  it? 


7.  Why  should  you  check  nuts  and  bolts  when  the 
transformer  is  out  of  service? 


8.  Why  should  you  check  electrical  connections  when  the 
transformer  is  out  of  service? 


424.  State  common  problems  and  instruments  used  for 
troubleshooting  transformers. 

Troubleshooting  Transformers.  Since  transformers  are 
an  essential  part  of  the  equipment  you  will  work  with,  you 
should  know  how  to  test  and  locate  troubles  that  develop  in 
transformers.  The  three  things  that  cause  transformer 
failures  are  open  windings,  shorted  windings,  and  grounds. 

Open  windings.  When  one  of  the  windings  in  a 
transformer  develops  an  **open,"  no  current  can  flow;  and 
the  transformer  will  not  deliver  any  output.  An  open  is 
actually  a  break  in  the  continuous  path  of  an  electrical 
circuit.  The  symptom  of  an  open-circuited  transformer  is 
that  the  circuits  which  derive  rower  from  the  transformer 
are  dead.  A  check  wit^.  an  AC  voltmeter  across  the 
transformer  output  terminals  will  show  a  reading  of  zero 
volts.  A  voltmeter  check  across  the  transformer  input 
terminals  shows  that  voltage  is  present.  Since  there  is 
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voltage  at  the  input  and  no  voltage  at  the  output,  you 
conclude  that  one  of  the  windings  is  open. 

An  open  in  a  transformer  can  also  be  located  by  using  an 
ohmmeter.  After  disconnecting  all  of  the  primary  and 
secondary  leads,  each  winding  is  checked  for  continuity,  as 
indicated  by  the  resistance  reading  taken  with  an  ohmmeter. 
An  indication  of  a  fairly  low  resistance  reading  shows  a 
good  winding.  A  reading  of  infinity  indicates  an  open 
winding. 

Shorted  windings.  When  a  few  turns  of  a  secondary 
winding  are  shorted,  the  output  voltage  drops.  The 
symptoms  are  that  the  transformer  overheats  due  to  the 
large  circulating  current  flowing  in  the  shorted  turns  and 
that  the  transformer  output  voltage  is  lower  than  it  should 
be.  The  winding  with  the  short  gives  a  lower-than-normal 
reading  on  the  ohmmeter.  In  the  case  of  a  partial  short,  you 
can  best  determine  the  trouble  by  replacement  if  the  other 
steps  already  mentioned  fail. 

Sometimes  a  winding  has  a  complete  short  across  it. 
Again,  one  of  the  symptoms  is  excessive  overheating  of  the 
transformer  due  to  a  very  large  circulating  current.  Also, 
there  will  be  no  voltage  output  across  the  shorted  winding, 
and  sometimes  you  may  have  a  tripped  overcurrent  device 
or  blown  fuse.  If  the  overcurrent  device  does  not  blow,  the 
transformer's  winding  may  bum  out.  There  are  three  types 
of  shorts  you  should  look  for: 

(1)  Shorted  primary. 

(2)  Shorted  secondary. 

(3)  Shorted  primary  to  secondary. 

Grounded  windings.  Sometimes  the  insulation  at  some 
point  in  the  winding  breaks  and  the  wire  becomes  exposed. 
If  the  bare  wire  is  at  the  outside  of  the  winding,  it  may  touch 
the  inside  of  the  transformer  case,  shorting  the  wire  to  the 
case  and  grounding  the  winding.  The  symptoms  are 
excessive  overheating  and  no  voltage  output.  You  can 
check  for  a  transformer  ground  by  connecting  the  megger 
between  one  lead  of  the  winding  in  question  and  the 
transformer  case.  Make  sure  all  leads  have  been 
disconnected  from  the  circuit.  A  zero  or  low  reading  on  the 
megger  shows  the  winding  is  grounded. 

Exercises  (424): 
1 .  Name  three  troubles  that  could  occur  in  a  transformer. 


2.  Explain  an  open  winding. 


3.  If  you  have  voltage  at  the  input  of  a  transformer  but  no 
voltage  output,  what  trouble  is  indicated? 


4.  Besides  a  voltmeter,  what  other  meter  could  you  use  to 
locate  an  open  in  a  transformer  winding? 


5.  What  effect  will  a  few  turns  of  the  secondary  shorted 
together  have  on  the  output  voltage? 


6.  Explain  a  ground. 


7.  What  type  of  meter  should  you  use  to  check  for  a 
ground? 


3-2.  Regulators 

The  components  of  many  items  of  electrical  and 
electronic  equipment,  such  as  computers,  timeclocks, 
precision  measuring  and  testing  devices,  alarm  systems, 
and  communication  equipment,  must  have  a  constant- 
voltage  power  source  for  proper  operation.  Voltage- 
regulated  power  supplies  have  been  developed  to  supply  the 
many  needs  for  constant- voltage  power  sources. 

425.  Restate  the  speciflc  features  and  characteristics  of  a 
basic  saturable  reactor  and  voltage  regulator. 

Voltage  Regulators.  Just  as  there  are  many  applications 
for  voltage-regulated  power  supplies,  so  there  are  several 
methods  of  achieving  this  regulation.  Each  method  is 
designed  to  meet  a  specific  application.  For  example,  one 
basic  voltage  regulator  circuit  may  be  quite  useful  because 
it  is  simple,  but  it  may  be  less  efficient  than  another  type  at 
high  operating  load  currents.  Conversely,  a  relatively 
efficient  regulator  circuit  may  contain  too  many  circuit 
components  to  be  practical  when  the  ultimate  in  voltage 
regulation  is  not  required. 

Principles  of  voltage  regulation.  Many  types  of 
electricaPand  electronic  equipment  must  be  operated  from  a 
source  of  constant  voltage  for  proper  operation.  A  typical 
power  supply,  in  most  cases,  is  not  capable  of  providing 
this  constant  voltage,  ror  two  basic  reasons: 

(1)  The  output  of  the  supply  will  vary  if  the  line  voltage 
varies.  Hence,  if  the  line  voltage  increases,  the  power 
supply  output  voltage  will  also  increase. 

(2)  Various  components  within  the  power  supply  itself, 
such  as  transformer  and  filter  choke  winding  resistances  and 
the  voltage  drop  of  the  rectifier,  produce  internal 
impedance  of  the  power  supply.  We  may  consider  this 
impedance  as  a  simple  resistor  in  series  with  the  output 
terminals  of  the  supply.  Thus,  as  in  any  series  circuit 
containing  resistance,  when  the  load  current  increases,  the 
output  voltage  decreases. 
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Voltage  regulation  is  used  to  compensate  tor  these  causes 
of  voltage  variation,  and  you  can  easily  do  this  with  the  use 
of  either  a  shunt  or  series  regulation. 

Shunt  voltage  regulation.  Figure  3-9  shows  the  basic 
shunt  voltage-regulator  system.  As  you  can  see,  the  shunt 
regulator  element,  Rp  and  its  series  resistor,  R-,,  fcrm  a 
voltage  divider  which  is  connected  across  the  output  of  the 
unregulated  supply.  The  external  load  is  connected  across 
the  shunt  regulator. 

Let's  imagine  for  a  moment  that  the  external  load  current 
increases.  This  will  result  in  a  decrease  in  the  voltage  across 
the  load.  Assuming  for  a  moment  that  the  shunt  regulator 
element,  R,,  can  be  varied  manually,  we  can  bring  the 
voltage  across  the  load  up  to  normal  by  increasing  the 
resistance  of  the  shunt  regulator.  This  will  decrease  the 
current  through  and  the  shunt  regulator  element,  which 
will  result  in  a  smaller  voltage  drop  across  Rj.  This,  in 
turn,  will  increase  the  voltage  applied  to  the  load. 

A  decrease  in  load  current  will  cause  an  increased 
voltage  across  the  load,  which  can  be  compensated  by 
decreasing  the  resistance  of  the  shunt  regulator  element,  R^. 
This  will  cause  a  greater  current  flow  through  Rj  and  the 
shunt  regulator  element,  which  will  drop  the  voltage 
appearing  across  the  load. 

Series  voltage  regulation.  The  basic  series  voltage 
regulator  is  shown  in  figure  3-10.  Here,  the  regulator 
element  is  placed  in  series  v^ith  the  load,  so  that  its 
resistance  will  determine  the  voltage  applied  to  the  load  as 
in  the  case  of  any  series  circuit. 

Let  us  say  for  a  moment  that  the  external  load  decreases; 
that  is,  the  load  impedance  has  increased.  This  will  result  in 
an  increase  in  voltage  appearing  across  the  load  because  of 
a  decrease  in  voltage  drop  across  the  series  regulator 
element.  We  can  bring  this  voltage  back  down  to  its 
original  value  by  increasing  the  resistance  of  the  series 
regulator,  thereby  increasing  the  voltage  drop  across  it. 

By  the  same  token,  a  decrease  in  voltage  across  the 
external  load  terminals,  as  caused  by  an  increase  in  load 


current  (decrease  in  load  impedance),  can  be  corrected  by 
decreasing  the  resistance  of  the  series  regulator. 

Of  the  two  basic  voltage  regulators,  shunt  and  series,  the 
series  is  the  most  efficient.  The  shunt  regulator  must 
dissipate  power  in  both  its  regulator  element  and  series- 
dropping  resistor,  whereas  the  regulator  element  alone 
dissipates  power  in  the  series  regulator.  The  shunt  regulator 
represents  an  additional  current  load  in  parallel  with  the 
load  it  is  regulating.  This,  of  course,  increases  the  current 
requirements  of  the  unregulated  power  supply.  The  series 
regulator  requires  only  a  series  regulator  element  in  series 
with  the  unregulated  power  supply. 

Basically,  there  are  three  types  of  voltage  regulators:  (1) 
the  vacuum-tube  type,  (2)  the  semiconductor  type,  and  (3) 
the  magnetic  amplifier  type.  The  vacuum-tube  and 
semiconducto*-  typej  of  voltage  regulators  are  used  for 
electronic  circuits  and  are  used  in  low  current  applications. 
We  talked  about  them  in  Volume  2  of  this  CDC.  We  will 
talk  about  the  magnetic  amplifier,  because  it  is  tlie  type  of 
equipment  that  an  electrician  in  the  Air  Force  may 
encounter. 

Magnetic  Amplifiers.  The  magnetic  amplifier  or 
saturable  reactor,  as  it  may  be  called,  is  a  control  or 
regulating  device  that  has  a  core,  usually  donut  or  square  in 
shape.  Most  magnetic  amplifiers  have  some  t^ne  of  DC 
control  winding  and  an  AC  load  winding.  In  most  of  the 
basic  amplifiers,  two  windings  are  all  that  are  used.  When 
you  get  to  some  of  the  more  advanced  systems,  you  will  see 
more  than  two  windings,  but  for  now  use  the  basic  system. 

Simple  saturable  reactor.  In  figure  3-11  a  simple 
saturable  reactor  is  shown.  As  you  can  see,  it  has  two  coils: 
the  control  winding  and  the  load  winding.  The  load  is 
connected  in  series  with  the  load  winding  and  has  an  AC 
source.  The  control  winding  is  used  to  saturate  the  iron  core 
and  acts  as  the  controlling  factor  of  the  unit. 

The  inductive  reactance  of  the  coil  is  proportional  to  the 
amount  of  flux  produced  by  the  current  in  the  coil.  In  figure 
3-11  a  low  flux  level  is  set  up  in  the  iron  core  by  the  direct 
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Figure  3-9.  Basic  shunt  voltage  regulator  system. 
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Figure  3-1 1 .  Simple  saturable  reactor. 


current  in  the  control  winding.  When  this  is  the  case,  the 
flux  produced  by  the  AC  in  the  load  coil  is  high,  because 
the  load  current  does  not  produce  enough  flux  to  saturate 
the  core  alone.  Thus,  the  inductive  reactance  of  the  AC  coil 
(which  is  measured  opposition)  is  very  high,  and  the  current 
in  the  load  winding  is  very  low. 

If  the  current  in  the  DC  circuit  is  increased  to  a  point 
where  it  produces  enough  flux  to  saturate  the  core,  the 
current  in  the  load  coil  is  able  to  produce  little  additional 
flux  and  the  coil  has  a  low  inductive  reactance.  Therefore, 
the  resistance  of  the  load  coil  is  primarily  limited  to  its 
resistance,  and  there  is  maximum  current  throiigh  the  load. 

It  is  apparent,  then,  that  the  flux  level  set  by  the  control 
winding  can  regulate  the  AC  current  in  the  load.  Since  the 
control  coil  flux  is  proportional  to  its  ampere-turns,  only  a 
small  amount  of  DC  is  necessary  for  control  when  a  control 
coil  of  many  turns  is  used. 

Balanced  saturable  reactor.  In  figure  3-11,  AC  in  the 
load  coil  induces  an  AC  voltage  in  the  DC  control  coil .  The 
resultant  AC  in  the  DC  circuit  causes  heating  of  the  control 
coil.  This  is  wasted  power.  Also,  the  control  coil  always 


contains  a  large  number  of  turns,  which  causes  the  voltage 
induced  in  it  to  be  extremely  high.  This  voltage  could  arc 
between  the  turns  of  the  coil  and  destroy  the  insulation.  By 
using  the  balanced  configurations  in  figure  3-12,  no  voltage 
is  induced  in  the  control  coil ,  thus  avoiding  the  problem  just 
mentioned.  With  this  balanced  circuit,  the  flux  produced  at 
any  instant  in  the  control  coil  by  one  load  coil  is  nullified  by 
flux  of  the  opposite  direction  from  the  other  load  coiL 
Figure  3-13  shows  the  magnetic  amplifier  being  used  as  a 
dimmer  for  theater  lamps.  It  is  using  a  three-legged  reactor 
core  to  control  the  lights.  Now  that  we  have  talked  about  a 
saturable  reactor,  let  us  see  how  it  works  when  used  as  a 
voltage  regulator. 

Magnetic  amplifier  voltage  regulator.  As  you  know,  a 
transformer  operates  on  the  principle  of  magnetic 
induction.  Magnetic  lines  of  flux  are  induced  in  the  iron 
core  and  thus  into  the  secondary  winding  when  current  is 
applied  to  the  primary  winding.  The  amount  of  energy 
transfer  between  primary  and  secondary  depends  to  a  great 
extent  upon  the  ability  of  the  core  to  conduct  these  magnetic 
lines  of  force. 

Ordinary  transformers  are  constructed  in  such  a  way  that 
the  magnetic  path  between  primary  and  secondary  windings 
is  always  as  good  as  possible.  On  the  other  hand,  a 
magnetic  amplifier,  sometimes  known  as  a  satuable  reactor, 
is  so  constructed  that  the  magnetic  path  between  the 
primary  and  secondary  may  be  controlled  as  desired.  The 
ability  to  control  the  energy  transfer  between  primary  and 
secondary  windings  is  the  basic  principle  of  the  magnetic 
amplifier.  If  a  third  winding  is  placed  on  a  magnetic 
amplifier,  as  shown  in  figure  3-14,  energy  reaching  the 
secondary  will  depend  upon  the  current  passed  through  the 
third  winding. 

The  DC  control  current  flowing  in  this  third  winding  can 
cause  a  change  in  energy  transfer  between  primary  and 
secondary  windings.  This  is  due  to  an  effect  known  as  core 
saturation.  As  the  amount  of  DC  increases,  so  does  the 
amount  of  flux,  until  a  point  is  reached  at  which  an  increase 
in  DC  can  cause  no  further  flux  increase.  The  core  is  then 
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Ficure  3-12.  Balanced  saturable  reactor. 
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Figure  3-13.  Theater  lamp  dimmer. 
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Figure  3-14.  Basic  circuit  of  a  magnetic  amplifier. 


said  to  be  saturated.  When  the  core  is  fully  saturated, 
practically  no  energy  can  be  transferred  between  primary 
and  secondary  windings. 

Magnetic  amplifiers  are  extremely  useful  for  several 
reasons.  First,  they  are  very  rugged  mechanically.  Second, 
they  are  capable  of  continuous  operation  for  extended 
periods  of  time  without  attention  or  service.  Third, 
magnetic  amplifiers  can  handle  very  large  amounts  of 
power. 

Because  of  their  ability  to  control  large  amounts  of 
power,  you  will  find  magnetic  amplifiers  used  in  such 
applications  as  theater  light-dimming  controls,  ^vhere  they 
can  replace  the  high-wattage,  high-heat  dissipation 
rheostats.  They  are  also  used  in  the  control  of  large  motors 
by  means  of  relatively  small  AC  control  signals. 

Use  of  the  magnetic  amplifier  as  a  voltage  regulator. 
Figure  3-15  shows  the  circuit  of  a  magnetic  amplifier  used 
as  a  voltage  regulator.  The  magnetic  amplifier  output 
voltage  is  sampled  to  obtain  an  error  signal  corresponding 
to  variations  in  load  voltage.  This  error  signal  is  amplified 
by  an  error  signal  amplifier  and  compared  with  constant- 
voltage  reference.  The  resulting  correction  signal  is  used  to 
control  the  current  flowing  in  the  magnetic  amplifier 
control  winding. 

Let  us  say  that  the  regulator  output  voltage  drops  as  a 
result  of  an  increasing  load  current.  This  drop  in  output 
voltage  will  be  sensed  by  the  error-sensing  network  and 
applied  to  the  error-signal  amplifier.  After  being  compared 
with  the  constant-voltage  reference,  the  resulting  signal  will 
be  of  correct  polarity  to  decrease  the  current  flowing  in  the 
control  winding.  This  will  decrease  core  saturation  and 
allow  more  voltage  to  be  developed  in  the  secondary 
winding,  thereby  increasing  the  regulator  output  voltage  to 
its  normal  value. 


Another  method  for  compensating  line  voltage  variations 
is  to  use  a  transformer  which  operates  with  its  core  nearly 
saturated  at  all  times.  Under  these  conditions,  an  increase  in 
input  line  voltage  causes  virtually  no  change  in  secondary 
voltage.  Since  the  core  is  already  nearly  saturated,  an 
increase  in  inpt;t  voltage  can  cause  essentially  no  further 
current  to  be  induced  in  the  secondary  winding. 

One  bad  feature  of  the  magnetic  amplifier  as  a  voltage 
regulator  is  that  rather  severe  waveform  distortion  often 
takes  place  as  the  core  goes  into  saturation.  This  distortion 
can  cause  difficulty  when  certain  types  of  equipment,  such 
as  test  equipment,  are  operated  from  this  type  of  regulator. 
The  distorted  waveshape  generates  large  amounts  of 
harmonics  which  can  appear  at  the  output  of  the  test 
equipment  internal  power  supply,  then  be  radiated  to 
various  sensitive  circuits  within  the  instrument,  and  there 
cause  errors  in  calibration,  etc. 

Exercises  (425): 

1 .  An  increase  in  the  external  load  current  will  result  in  a 

decrease  in  the    across  the  external 

load. 


Why  is  a  series  voltage  regulator  more  efficient  than 
the  shunt? 
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Figure  3-15.  Basic  magnetic  amplifier  regulator  circuit. 


3.  The  basic   magnetic   amplifier  has 
windings. 


4.  At  what  point  in  its  operation  is  a  core  considered 
saturated? 


5.  Where  can  a  magnetic  amplifier  be  used? 


6.  What  is  one  bad  point  about  a  magnetic  amplifier? 


426.  Restate  procedures  about  the  installation, 
inspection,  maintenance,  and  troubleshooting  of  voltage 
regulators. 

Selecting  the  Proper  Voltage-Regulated  Power 
Supply.  There  may  be  occasions  when  you  will  be  called 
upon  to  choose  a  regulated  power  supply  for  a  specific 
application.  It  is,  therefore,  important  that  you  have  an 
understanding  of  the  various  ratings  used  in  the  evaluation 
of  regulated  power  supplies. 

The  most  important  requirement  of  a  voltage-regulated 
power  supply  is  that  of  maintaining  an  essentially  constant 
voltage  under  various  load  conditions.  The  regulating 
ability  of  the  supply  is  generally  given  a*s  a  percentage  of 
voltage  change  from  no  load  to  full  load.  For  example,  a 
particular  supply  might  be  rated  as  having  1  percent 
regulation  from  no  load  to  its  rated  full-load  current  of  200 
amps.  If  the  supply  has  a  voltage  rating  of  300  volts,  for 
example,  its  output  voltage  will  not  vary  more  than  3  volts 
at  any  current  from  0  to  200  amps.  In  general,  percent 
regulation  is  given  by  the  formula: 


Inspection  and  Maintenance  Procedures.  Voltage 
regulator  systems  require  little  maintenance.  About  the  only 
inspection  that  you,  as  an  electrician,  can  do  is  check  and 
see  that  the  voltage  is  being  maintained  as  required  by  the 
system.  You  should  also  keep  the  equipment  free  of  dirt  and 
lint,  and  provide  proper  ventilation, 

Tro\ibleshooting  and  Repairing/Replacing  Procedures. 
Voltage  regulators  are  pretty  much  trouble  free.  You  could 
not  say  that  one  area  was  weaker  than  another. 
Troubleshooting  will  consist  of  checking  for  the  required 
voltage  at  the  output  temiinals.  If  the  proper  voltage  is  not 
present,  the  electrician  should  consult  manufacturer's  data 
Tor  proper  troubleshooting  techniques.  If  a  faulty 
component  is  identified,  it  must  be  either  replaced  or 
repaired,  depending  on  the  component.  In  most  cases,  the 
component  or  components  cannot  be  repaired  and  must  be 
replaced. 

Exercises  (426): 

1 .   When  selecting  a  voltage  regulator,  what  requirements 
must  be  followed? 


2.  Explain  what  type  of  inspection  you  would  perform  on 
voltage  regulators. 


3.   Identity  some  maintenance  ideas  that  would  provide 
proper  operation  of  a  voltage  regulator. 


4.  In  a  series  voltage  regulator  system,  the  regulating 
resistor  has  opened  up.  What  voltage  would  you 
expect  to  find  across  the  external  load  terminals? 


No  Load  Voltage  -  Full  Load  Voltage 

Full  Load  Voltage  ^ 


Since  regulated  supplies  also  correct  for  changes  in  input 
line  voltage,  they  are  also  rated  in  percentage  of  output 
voltage  change  for  a  specified  change  in  input  line  voltage. 
Thus,  a  300-volt  supply  with  1 -percent  regulation  for  line 
voltage  changes  of  from  95  to  125  volts  will  provide  an 
output  voltage  which  will  vary  not  more  than  3  volts  for  any 
input  line  voltage  ranging  from  95  to  125  volts. 

Installation  and  Connecting.  To  insure  proper 
installation  and  connection,  the  electrician  must  consult  the 
manufacturer's  requirements  and  the  National  Electrical 
Code.  No  specific  code  articles  have  been  written 
concerning  voltage  regulators,  so  just  follow  articles 
concerning  installation  and  connection  of  equipment. 


5.  If  you  were  called  upon  to  troubleshoot  a  magnetic 
mplifier  and  you  found  it  defective-,  what  would  you 

do? 


3-3.  Battery  Banks  and  Changers 

Batteries!  How  often  do  you  depend  on  a  battery  for 
some  function  during  your  day?  Batteries  are  a  very 
important  part  of  our  everyday  lives.  They  start  our  cars, 
they  run  our  flashlights,  and  even  run  our  watches.  We  can 
also  join  them  together  into  a  battery  bank  and  use  a  charger 
to  recharge  them  when  they  are  low. 
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427.  Explain  the  operation  of  a  basic  battery  in  terms  of 
composition,  celi  type  and  connection,  installation 
procedures,  and  voltage  capacity* 

Batteries.  There  are  two  basic  types  of  batteries,  and 
both  of  them  produce  electricity  from  chemical  action. 
They  are  either  primary  cells  or  secondary  cells.  The 
primary  cell,  once  it  is  run  down,  is  of  no  more  use.  A 
secondary  cell  can  be  restored  for  use  by  passing  a  current 
through  it  in  the  reverse  direction.  This  process  is  known  as 
charging.  Since  secondary  cells  can  be  used  and  then 
recharged,  they  are  called  storage  batteries.  Remember, 
however,  that  no  battery  stores  electricity;  it  is  a  chemical 
unit  that  under  the  right  conditions  will  produce  an 
electromotive  force  (emf). 

The  symbols  used  in  diagrams  of  electric  circuits  for  a 
battery  are  shown  in  figure  3-16.  Symbol  A  shows  a  single 
cell  battery;  symbol  B,  a  multicell  battery;  that  is,  a  battery 
made  up  of  more  thaii  one  cell.  It  is  usual  to  identify  the 
long  line  of  the  symbol  as  the  positive  terminal  and  the  short 
line  as  the  negative  post.  Like  symbols  are  used  for  both 
primary  and  secondary  cells. 

The  primary  cell.  If  two  different  metals  are  placed 
within  a  chemical  solution  called  an  electrolyte,  electrical 
activity  will  result  when  the  metal  electrodes  (called  plates) 
are  joined  through  an  electric  circuit.  The  voltage  created 
will  depend  solely  upon  two  factors:  (1)  the  material  from 
which  the  plates  are  made  and  (2)  the  type  of  electro)yte 
used. 

Primary  cells  are  almost  always  of  the  dry  type.  In  a  dry 
cell,  an  absorbent  material  is  saturated  with  the  electrolyte 
and  is  then  placed  in  contact  with  the  plates.  The  advantage 
of  the  dry  cell  is  that  the  casing  is  sealed  to  prevent  the 
electrolyte  from  spilling  out  of  its  container.  Note  however, 
that  a  dry  cell  is  in  no  sense  actually  dry,  since  the 
electrolyte  is  a  gel-like  substance. 

An  ordinary  dry  cell  is  made  up  of  a  zinc  case  or 
container  and  a  carbon  rod  (placed  within  it,  but  not 
contacting  the  zinc  at  any  point)  acting  as  the  positive  plate. 
The  electrolyte  is  a  solution  of  ammonium  chloride,  which 
saturates  an  absorbent  that  fills  the  container.  Between  the 
zinc  and  the  saturated  absorbent  material  is  a  cardboard 
layer  (blotter)  that  acts  as  an  insulator,  separating  the  zinc 
from  the  other  elements,  but  allowing  chemical  action  to 
occur,  since  it  also  becomes  saturated  with  the  electrolytic 
solution.  See  figure  3-17. 
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Figure  3-16.  Battery  symbols. 


When  the  terminals  of  a  dry  cell  are  connected  to  an 
electric  circuit,  the  ammonium  chloride  electrolyte  ionizes 
to  form  ions  of  ammonium  and  chloride,  the  former  bearing 
a  positive  charge  and  the  latter  a  negative  charge.  Positive 
ions  escaping  from  the  zinc  plate  leave  the  zinc  with  an 
excess  of  electrons.  This  leaves  the  zinc  plate  negatively 
charged. 

At  the  same  time,  the  positive  zinc  ions  are  repelling  the 
ammonium  ions,  which  are  also  positively  charged,  and 
under  this  influence,  the  ammonium  ion  breaks  up  into 
hydrogen  ions  (bearing  a  positive  charge)  and  ammonia 
gas.  The  hydrogen  ions  are  repelled  toward  the  carbon 
plate,  giving  it  a  positive  charge.  When  a  conducting  path 
exists  between  the  negatively  charged  zinc  plate  and  the 
positively  charged  carbon  plate,  the  negative  electrons  on 
the  zinc  plate  are  attracted  by  the  positive  charge  on  the 
carbon.  This  results  in  a  current  flow  from  the  negative 
terminal  through  the  electric  circuit  to  the  positive  terminal 
of  the  celi. 

Each  zinc-carbon  dry  cell  can  deliver  an  emf  of  1 .5  volts 
when  it  is  fully  charged.  The  voltage  does  not  depend  upon 
the  size  of  the  cell ,  but  the  amount  of  current  it  can  supply  is 
directly  dependent  on  the  size.  Thus,  dry  cells,  such  as  are 
used  as  flashlight  batteries,  are  quite  small,  whereas  those 
used  for  heavier  current  drains  are  larger. 

Secondary  cell.  The  most  outstanding  advantages  of  the 
storage  or  secondary  cell  over  the  primary  cell  are  that: 

a.  It  can  be  recharged. 

b.  It  can  be  built  to  provide  greater  current  capacities. 

c.  It  is  more  economical  in  the  long  run. 

Since  the  storage  battery  is  more  economical  to  operate,  it 
is  used  predominantly  in  automobiles,  airplanes,  telephone 
exchanges,  and  other  places  where  DC  must  be  supplied. 

Lead-acid  batteries.  The  most  common  storage  battery 
is  the  lead-acid  battery.  The  name  comes  from  the  fact  that 
the  plates  are  made  of  lead,  and  the  electrolyte  is  sulfuric 
acid.  See  figure  3-18.  The  positive  plates  in  this  battery  are 
made  of  lead  peroxide.  The  negative  plates  are  made  of 
sponge  lead.  All  of  the  plates  are  separated  from  each  other 
by  some  insulating  material,  such  as  glass,  which  is  called  a 
separator.  These  plates  are  connected  together  and  placed  in 
a  container  with  a  separate  compartment  for  each  ell.  This 
container  is  called  the  battery  case.  The  electrolyte  is  also 
placed  within  this  case  through  a  vent,  or  opening,  sealed 
by  a  removable  plug-  Lead-acid  storage  batteries  are 
frequently  supplied  without  the  electrolyte.  The  electrolyte 
is  added  only  when  the  battery  is  placed  in  service.  This  is 
intended  to  lengthen  the  shelf  life  of  the  device. 

Since  the  acid  is  combined  with  the  plates  during 
discharge,  the  condition  of  the  battery  (state  of  charge)  can 
be  measured  by  measuring  the  amount  of  acid  in  the 
solution  (specific  gravity)  of  the  electrolyte.  The  specific 
gravity  is  about  1.260  to  1.280  in  a  fully  charged  new 
battery.  Specific  gravity  of  a  substance  is  its  comparative 
weight  with  respect  to  the  weight  of  an  equal  volume  of 
water.  The  specific  gravity  of  a  wet  cell  is  checked  using  a 
hydrometer  such  as  the  one  shown  in  figure  3-19.  The 
specific  gravity  of  the  electrolyte  varies  with  temperature. 
Figure  3-20  shows  the  state  of  charge  and  specific  gravity  at 
80°  F.  At  temperatures  a'love  80°,  it  is  necessary  to  add 
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Figure  3--I7.  Dry  cell  battery. 
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Figure  3-18.  Lead-acid  battery. 


four  gravity  points  for  each  10°.  Below  80°,  four  gravity 
points  are  subtracted  for  jach  10°.  Thus,  if  the  electrolyte  is 
at  110°,  the  actual  reading  of  1.235  obtained  should  be 
coirected  to  1.247  (4  x  3  =  12).  If  the  gravity  reading  is 
1.250  at  0°,  a  corrected  reading  would  be  1.218  (4x8  = 
32). 

Like  that  in  the  primary  cell,  the  action  of  the  lead-acid 
cell  is  chemical  in  nature.  When  a  load  is  connected 
through  a  suitable  conductor,  the  electrolyte  is  ionized. 
The  sulfuric  acid  will  break  down  into  positively  charged 
hydrogen  ions  and  negatively  charged  sulfate  ions.  The 
hydrogen  ions  move  toward  the  positive  plate  and,  in 
combining  with  the  oxygen  of  the  lead  peroxide,  form 
water.  It  is  this  action  that  tends  to  dilute  the  electrolyte  by 
reducing  the  acid  content  and  increasing  the  water,  thus 
reducing  its  specific  gravity. 

The  positively  charged  hydrogen  ions  have,  in  effect, 
taken  out  negatively  charged  oxygen  ions  from  the  lead 
perioxide  plate,  leaving  the  plate  positively  charged.  That 
i  why  the  lead  peroxide  plate  acts  as  the  positive  plate  of 
the  battery. 

At  the  same  time,  some  of  the  sulfate  ions  join  with  the 
lead  part  of  the  lead  peroxide,  forming  lead  sulfate.  Other 
negatively  charged  sulfate  ions  move  toward  the  sponge- 
lead  plate  where,  combining  with  positive  ions  of  the  lead, 
they  leave  the  plate  negatively  charged  and  form  a  layer  of 
lead  sulfate  on  its  surface.  As  this  takes  place,  the  negative 
electrons  that  have  accumulated  on  the  negative  lead  plate 
are  being  attracted  to  the  positive  plate  through  the  outside 
conductor.  Thus,  here  again,  as  in  the  primary  cell,  we  see 
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Figure  3-19.  Hydrometer. 
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Figure  3-20.  Specific  gravity  of  an  electrolyte  of  80°  F. 
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an  attraction  or  pressure  being  set  up  by  the  positive 
electrode,  creating  a  condition  that  causes  the  electrons  on 
the  negative  electrode  to  move.  A  fully  charged  lead-acid 
battery  will  usually  provide  about  2.15  volts  per  cell  at  the 
battery  terminal. 

Nickel-cadmium  (Nicod)  batteries.  The  Nicad  battery 
has  become  another  type  of  battery  that  is  now  being  used 
almost  as  much  as  lead-acid  types.  Its  cost  is  probably  the 
only  area  that  deters  from  buying  it. 

It  is  made  up  of  a  positive  plate  made  of  nickel-wire 
screen  with  a  nickel  powder  bonded  to  it  and  a  negative 
plate  made  of  the  same  material  but  having  a  metallic 
cadmium  bonded  to  it.  The  two  plates  are  placed  in  a 
solution  of  potassium  hydroxide  and  distilled  water,  which 
is  the  electrolyte.  The  electrolyte  does  not  participate  in  the 
chemical  reaction  of  the  battery  as  sulfuric  acid  does  in  the 
lead-acid  battery.  It  simply  provides  the  conductive  path 
between  the  positive  and  negative  plates.  Therefore,  the 
electrolyte's  specific  gravity  does  not  indicate  the  state  of 
change  of  the  battery.  The  specific  gravity  may  range  from 
1.180  to  1.300.  Check  with  each  battery  for  proper 
information.  A  special  hydrometer  is  required.  Check 
manufacturer's  information  for  requirements.  The  normal 
open  circuit  charge  of  the  cell  is  about  1.30  volts.  So 
remember  that  there  will  be  more  cells  in  a  Nicad  battery 
bank  than  in  a  lead-acid  bank. 

Exercises  (427): 

1 .  How  can  a  secondary  cell  be  restored? 


2.  On  what  does  the  voltage  created  from  an  electrolyte 
and  two  different  metals  depend? 


3.  The  electrolyte  of  an  ordinary  dry  cell  battery  consists 
of  what  kind  of  solution? 


4.  State  one  item  that  is  powered  by  a  dry  cell  battery. 


5.  What  are  the  three  most  outstanding  advantages  of  a 
secondary  cell  over  a  primary  cell? 


6.  Describe  the  comix)sition  of  the  plates  and  electrolyte 
of  a  lead-acid  battery. 
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7.  What  is  meant  by  the  specific  gravity  of  a  substance? 


1 1 .  Why  docssn't  the  specific  gravity  of  the  eleciorlytc  of  a 
nickel-cadmium  battery  indicate  the  battery's  state  of 
charge? 


8.  How  is  the  specific  gravity  of  a  substance  checked? 


9.  When  checking  the  specific  gravity  of  an  electrolyte, 
when  is  it  necessary  to  add  four  gravity  points  for  each 
10°? 


10.  What  is  the  normal  open-circuit  voltage  of  a  lead-acid 
battery? 


12.  What  is  the  normal  open-circuit  voltage  of  a  nickel- 
cadmium  battery? 


428,  State  specific  procedures  to  follow  when  banking 
and  instailing  batteries,  and  give  specific  details 
concerning  the  inspection  and  maintenance  of  batteries* 

Battery  Banks*  There  are  times  when  batteries  must  be 
connected  together,  as  shown  in  figure  3-21.  This  is  called 
banking.  Banking  may  become  necessary  for  different 
situations.  For  instance,  when  it  is  necessary  to  charge 


Figure  3-21 .  Batteries  banked  in  series. 
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more  than  one  battery  at  a  time,  the  batteries  are  usually 
banked  in  series.  When  this  happens,  the  positive  post  of 
the  first  battery  is  connected  to  the  negative  post  of  the 
second.  This  leaves  a  positive  and  a  negative  post  to  be 
connected  to  the  charger.  If  more  than  two  batteries  need  to 
be  banked  in  series  for  charging,  they  may  be  connected  in 
the  same  way.  A  situation  which  requires  batteries  to  be 
banked  in  series  is  where  more  voltage  than  can  be 
delivered  by  one  battery  is  required.  For  exan  ole,  if  a 
motor  crane  required  a  24-volt  battery  and  none  were 
available,  two  12-volt  batteries  can  be  banked  in  series;  and 
the  crane  can  be  operated  until  you  obtain  the  specific 
battery  you  need.  You  can  see  that  the  voltage  of  batteries 
connected  in  series  is  equal  to  the  sum  of  the  voltages  of  the 
batteries. 

Series  is  only  one  way  in  which  batteries  may  be  banked. 
While  they  are  banked  in  series  for  charging  or  when  higher 
voltage  is  needed,  they  may  also  be  banked  in  parallel. 
Figure  3-22  shows  two  6-volt  batteries  banked  in  series  and 
two  banked  in  parallel. 

Parallel  banking  of  batteries  is  used  when  there  is  a 
requirement  for  more  amperage  than  can  be  furnished  by 
one  battery,  but  no  increase  in  voltage  is  desired.  A  good 
example  of  this  is  the  jumper  cables  that  many  people  use  in 
starting  their  cars  in  the  winter.  By  the  use  of  the  jumper 
cables,  the  batteries  of  two  cars  are  connected  in  parallel 
without  having  to  disconnect  the  batteries  in  either  car. 
They  must  not  be  connected  in  series,  because  the  voltages 
of  the  two  batteries  would  add  and  you  would  damage  the 
electrical  units  on  the  car.  Remember,  to  increase  voltage, 
you  bank  batteries  in  series,  but  to  increase  amperage 
without  increasing  voltage,  bank  the  batteries  in  parallel. 

Battery  locations.  Consideration  must  be  given  to  where 
battery  banks  are  placed.  It  is  very  important  to  have 
sufficient  diffusion  and  ventilation  of  the  gases  from  the 
battery  to  prevent  the  accumulation  of  an  explosive 
mixture.  The  live  parts  of  a  battery  bank  could  be  very 
dangerous  if  a  conductive  path  is  provided.  Because  of  this 
danger,  battery  banks  shall  be  installed  in  an  area  accessible 
only  to  qualified  persons;  and  the  area  shall  be  marked 
identifying  the  danger. 

Racks.  If  a  large  number  of  batterie*  are  installed  in  an 
area,  you  will  probably  find  them  mounted  on  a  rack. 
These  racks  must  be  of  a  rigid  frame  design  and  able  to 
support  the  weight  of  the  batteries.  They  must  also  be  made 
of  some  substance  such  as  metal,  fiberglass,  or  other 
nonmetallic  material  and  should  be  able  to  resist 
deteriorating  action  by  an  electrolyte. 

Trays.  Some  battery  banks  may  be  installed  in  trays. 
These  trays  are  frames,  such  as  crates  or  shallow  boxes 
usually  made  of  wood  or  other  nonconductive  material. 
These  trays  must  be  constructed  or  treated  so  as  to  be 
resistant  to  the  deteriorating  action  of  the  electrolyte. 

Inspection  and  Maintenance.  Many  premature  battery 
failures  can  be  traced  to  the  lack  of  proper  preventive 
maintenance  and  inspection.  To  get  good  periformance  from 
the  battery,  you  must  keep  it  in  good  working  order.  These 
inspections  must  be  performed  in  accordance  with 
applicable  technical  orders  or  the  manufacturer's  manual. 

A  storage  battery  should  be  kept  in  a  clean  condition  in  a 
well-ventilated   spot.   Good  ventilation  assures  proper 
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Figure  3-22.  Series  and  parallel  battery  banking. 


escape  of  hydrogen  and  oxygen  gases  and  prevents 
overheating  of  the  cells  during  either  charging  or 
discharging. 

CAUTION:  A  mixture  of  hydrogen  and  oxygen  is 
dangerously  explosive.  Positively  no  smoking,  electric 
sparks,  or  open  flames  are  permitted  near  batteries  being 
charged. 

To  retard  corrosion,  use  a  light  layer  of  petroleum  jelly  or 
other  grease  to  cover  the  terminals.  Use  a  stiff  brush  (a 
toothbrush  will  do)  to  clean  the  top  of  the  battery 
frequently,  clearing  away  dust  and  corrosive  residues  that 
tend  to  accumulate. 

Before  connecting  the  cable  clamp  onto  the  battery 
terminal,  thoroughly  clean  the  battery  terminal.  Then  after 
the  clamp  is  firmly  attached  to  the  terminal,  apply  a  light 
layer  of  grease  to  both  the  clamp  and  the  terminal  in  order 
to  retard  corrosion. 

Using  a  hydrometer,  check  the  specific  gravity  of  each 
cell  and  record  the  results  for  future  -^eference. 
(WARNING:  Use  this  hydrometer  only  on  lead-acid 
batteries.  Do  not  use  it  on  Nicad  batteries.) 

If  a  hydrometer  used  for  a  lead-acid  battery  is  used  on  a 
nickel-cadmium  battery,  any  small  amount  of  sulfuric  acid 
from  the  hydrometer  could,  if  deposited  in  the  nickel- 
cadmium  battery,  destroy  its  cell.  Always  wear  a  protective 
apron,  goggles,  and  rubber  gloves  when  working  with  acid. 

If  required,  add  distilled  water  to  the  cell  to  obtain  the 
proper  electrolyte  level.  You  may  use  tap  water  if  distilled 
water  is  not  available.  Do  not  overfill  the  battery  cells 
(CAUTION:  Never  allow  the  electrolyte  level  to  drop 
below  the  top  of  the  plates.  To  do  so  will  damage  the 
battery.) 

Proper  use  and  maintenance  will  assure  long  life  for  the 
battery  you  are  using.  Under  normal  operating  conditions,  a 
battery  cared  for  in  this  matter  may  last  for  5  or  more  years. 
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Exercises  (428): 

1 .  Name  two  instances  in  which  batteries  are  banked  in 
series. 


2.  What  effect  will  connecting  batteries  in  series  have  on 
the  total  voltage? 


3.  What  effect  will  connecting  batteries  in  parallel  have 
on  the  total  voltage? 


4.  Batteries  must  be  installed  in  an  area  with  plenty  of 


5.  Of  what  material  must  racks  be  made? 


6.  Give  two  ways  in  which  batteries  may  be  installed. 


7.  What  can  you  use  to  retard  corrosion  of  battery 
terminals? 


8.  What  can  you  use  to  clean  the  top  of  a  battery? 


9.  If  distilled  water  is  not  available,  what  can  be  used  to 
refill  a  battery  cell? 


10.  What  must  you  wear  when  working  with  battery  acid? 


429.  State  the  types  of  battery  chargers  and  give 
operational  details  about  then. 

Battery  Chargers.  When  a  lead-acid  battery  is 
discharged,  it  should  be  recharged.  There  are  two  types  of 
chargers  which  may  be  used:  the  motor-generator  type  and 
the  AC-to-DC  rectifier  type.  The  motor-generator  is  used 


by  telephone  exchanges  and  powcrplants  in  their  equipment 
rooms.  The  AC-to-DC  rectifier  is  the  type  used  on  Air 
Force  installations. 

By  forcing  direct  current  through  the  battery  in  the 
opposite  direction  from  which  the  current  flows  during 
discharge,  the  acid  is  driven  back  into  the  water  solution, 
thus  restoring  the  electrical  energy  as  chemica!  energy. 
Most  chargers  have  leads  marked  positive  and  negative. 
The  one  which  is  marked  positive  connects  to  the  f)ositive 
post  of  the  batter}',  and  the  one  marked  negative  connects  to 
the  negative  post  of  the  battery.  Thus,  you  can  see  that 
current  coming  from  the  charger  is  higher  than  that  of  the 
battery.  During  the  charging  period,  a  periodic  check 
should  be  kept  on  the  specific  gravUy  so  that  the  battery  can 
be  identified  when  it  has  reached  fu'l  charge. 

When  a  battery  is  being  charged,  a  portion  of  the  energy 
is  dissipated  in  the  electrolysis  of  the  water  in  the 
electrolyte.  The  water  is  broken  down,  and  hydrogen  is 
released  at  the  negative  plates  and  oxygen  at  the  positive 
plates.  These  gases  bubble  up  through  the  electrolyte  and 
collect  in  the  air  space  at  the  top  of  the  cell.  If  violent 
gassing  occurs  when  the  battery  is  first  placed  on  the 
charger,  the  charging  rate  is  too  high.  If  the  rate  is  not  too 
high,  steady  gassing,  which  develops  as  the  charging 
proceeds,  indicates  that  the  battery  is  nearing  a  fully 
charged  condition.  Because  of  this  gassing  you  should  keep 
a  close  check  on  the  water-acid  solution,  adding  distilled 
water  as  necessary.  (CAUTION:  A  mixture  of  hydrogen 
and  oxygen  is  dangerously  explosive.  Positively  no 
smoking,  electric  sparks,  or  open  flames  are  permitted  near 
batteries  being  charged.) 

Rectifiers.  In  order  for  any  battery  charger  to  function, 
you  must  have  an  electrical  device  tbnt  will  change  AC  into 
some  form  of  DC.  A  rectifier  is  used  to  change  AC  to  DC. 
The  DC  that  comes  from  the  rectifier  will  be  full-wave  or 
half- wave  pulsating  current,  as  shown  in  figure  3-23. 

Certain  equipment,  such  as  relay  coils,  battery  chargers, 
and  electronic  equipment,  operates  on  DC.  For  these 
reasons,  rectifiers  were  developed  and  used. 

Theory.  As  we  already  know,  AC  changes  direction  each 
alternation  (or  every  180  electrical  degrees),  and  there  are 
two  such  alternations  during  each  AC  cycle  (or  every  360 
electrical  degrees).  We  also  know  that  DC  flows  in  one 
continuous  direction.  Before  AC  (produced  by  the 
generator)  can  be  used  in  DC  circuits,  it  must  be  changed  to 
have  the  same  characteristics  as  that  of  DC.  This  is  where 
the  rectifier  comes  into  the  picture.  When  a  rectifier  is 
wired  into  a  circuit,  it  changes  the  AC  input  into  DC  output 
required  by  the  load(s). 

Rectifiers,  in  general,  can  be  broken  down  and  classified 
into  several  groups;  however,  here  we  need  only  to  concern 
ourselves  with  two.  They  are  the  dry-disc  and  crystal 
rectifiers. 

Dry-disc  rectifiers.  One  of  the  earlier  types  of  rectifiers 
developed  was  the  dry-disc  rectifier.  The  operation  of  this 
type  of  rectifier  is  limited  to  the  amount  of  current,  voltage, 
and  heat  that  it  can  withstand.  For  these  reasons,  dry-disc 
rectifiers  are  being  used  less  as  improved  systems  of 
rectifiers  are  being  developed.  Most  dry-disc  rectifiers  are 
of  the  selenium-iron  type,  which  is  made  up  of  a  prepared 
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Figure  3-23.  Waveforms. 


film  of  selenium  on  a  metallic  substance  such  as  iron.  See 
figure  3-24. 

In  actual  operation,  the  combination  of  iron,  selenium, 
and  conductors  offers  a  low  resistance  to  current  flow  from 
iron  to  the  selenium,  but  offers  a  high  resistance  to  current 
flow  from  selenium  to  the  iron.  Take,  for  an  example,  an 
AC  cycle.  The  cunent  in  this  case  would  be  allowed  to  flow 
freely  in  only  one  direction,  from  selenium  to  iron.  As  the 
current  changes  direction  (second  alternation),  its  path  to 
the  load  would  be  blocked  by  the  junction. 

A  full-wave,  dry-disc  rectifier  has  four  terminals.  Two 
terminals  are  for  AC  input.  It  does  not  matter  which  AC 
lead  is  connected  to  the  AC  terminals  because  the  current 
will  periodically  reverse.  You  should  identify  tiie  DC 
terminals  in  order  to  maintain  the  proper  polarity  to  the 
unit.  A  DC  voltmeter  can  be  used  for  this  purpose.  In 
practice,  a  number  of  discs  may  be  placed  together  in  series 
or  parallel  to  form  a  rectifier  assembly.  Metal  plates,  much 
larger  than  the  discs,  are  usually  assembled  between  each 
disc  section  to  aid  in  cooling.  To  increase  the  voltage  output 
capacity  of  a  rectifier,  a  number  of  discs  are  connected  in 
series.  To  increase  the  ampere  capacity  of  a  rectifier,  a 
number  of  discs  are  connected  in  parallel.  A  series-parallel 
combination  increases  both  the  voltage  and  ampere 
capacity  of  the  rectifier.  See  figure  3-25. 

Crystal  recitifers.  A  smaller,  cheaper,  and  more 
efficient  substitute  was  needed  for  the  vacuum  tube  and 
dry-disc  rectifier  in  recent  years.  After  a  lot  of  research,  it 
was  determined  that  one  could  grow  a  crystal  substance  to 
which  impurities  could  be  added  to  form  a  semiconductor. 
Germanium  is  a  good  example  of  a  type  of  crystal  used. 

Like  the  dry-disc  plate,  we  can  join  a  negative 
semiconductor  to  a  positive  semiconductor  and  create  what 
we  call  a  diode,  which  is  a  device  that  will  pass  current 
easily  in  one  direction  and  block  current  in  the  other 
direction.  Figure  3-26  shows  a  diode  and  the  direction  of  its 
current  flow. 
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Half-wave  rectifiers.  The  simplest  type  of  connection  for 
rectifiers  is  known  as  the  half  wave  circuit.  These  circuits 
are  normally  found  in  AC  voltmeters.  In  a  half- wave 
circuit,  current  flows  in  the  desired  direction  during  only 
one-half  an  AC  cycle;  hence  the  n£mie  **half  wave".  During 
the  other  half  cycle  (second  alternation),  current  is  blocked. 
In  figure  3-27,  the  output  of  a  half-wave  rectifier  is  shown 
by  using  sine  waves.  Figure  3-28  shows  a  diode  in  a  half- 
wave  rectifier  circuit.  As  you  have  seen,  a  half-wave 
rectifier  will  block  the  second  half  of  an  ac  cycle,  and  a 
series  of  pulses  will  result.  Hence,  the  frequency  of  a 
rectifier  is  measured  in  pulses  per  second  (PPS).  In  a  half- 
wave  circuit,  the  nupiber  of  pulses  is  equal  to  the  applied 
frequency.  For  examiple,  a  60-cycle  frequency  will  produce 
60  pulses. 

Full-wave  (bridge  type)  rectifiers,  A  more  common  type 
of  rectifier  circuit  is  the  fiill  wave  (bridge  type).  The  output 
of  a  full-wave  (bridge  type)  rectifier  is  shown  by  using  the 
sine  wave  in  figure  3-29.  Unlike  the  half-wave  rectifier,  the 
full-wave  makes  use  of  the  second  half  of  the  ac  cycle  in 
that  the  second  half  reaches  the  DC  load  from  the  same 
direction  as  the  first  half.  In  other  words,  the  second 
alternation  has  been  changed  (modified)  to  follow  the  same 
path  as  the  first  alternation. 

As  you  know,  the  frequency  for  a  rectifier  is  measured  in 
pulses  per  second.  In  a  half-wave  rectifier,  the  number  of 
these  pulses  is  equal  to  the  applied  frequency.  But  in  full- 
wave  rectification,  the  number  of  pulses  per  second  is  equal 
to  twice  the  frequency.  Thus,  for  a  60-cycle  current  using 
full  rectification,  there  are  120  pulses  per  second. 

The  bridge  type  rectifier  has  four  diodes  or  four  or  more 
selenium  plates  connected  together  to  create  the  sine  wave 
previously  discussed.  The  symbol  for  a  full-wave  (bridge 
type)  rectifier  is  shown  in  figure  3-30.  The  polarity  of  a 
full-wave  rectifier  circuit  may  be  determined  by  the 
direction  of  arrows;  that  is.  the  arrows  will  point  towards 
the  positive  side  of  the  rectifier.  Notice  in  figure  3-30  that 
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Figure  3-24.  Dry-disc  rectifier. 
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all  arrows  point  towards  positive.  Once  you  have 
determined  which  side  is  positive,  the  opposite  side  would 
be  negative. 

Figure  3-31  shows  how  this  symbol  is  used  in  a  full-wave 
(bridge  type)  rectifier  circuit.  Some  rectifiers  may  contain  a 
filter  in  the  DC  output  which  is  used  to  increase  conversion 
efficiency  and/or  reduce  interference.  In  most  cases,  this 
will  be  what  is  referred  to  as  a  **single  L-section  filter." 
This  will  be  made  up  of  a  choke  connected  in  series  with 
one  of  the  DC  leads  and  capacitors  connected  between  the 
positive  and  negative  terminals  on  the  output  of  the 
rectifier.  See  figure  3-32  for  a  typical  circuit  of  a  filter. 

Exercises  (429): 
1.   Name  two  types  of  battery  chargers. 


Figure  3-26.  Diode  action. 


AC  INPUT 


State  what  happens  in  the  actual  process  of  charging  a 
lead  acid  battery  with  an  AC-to-DC  rectifier. 


3.  Why  does  gasing  occur  during  charging? 


DC  OUTPUT 


4.  What  is  the  purpose  of  the  rectifier  in  a  battery 
charger? 


5.  Why  is  it  dangerous  to  smoke  around  a  battc:y  being 
charged? 


Figure  3-27.  The  output  of  a  half- wave  rectifier. 


DIODE 


6.  Of  what  materials  are  most  dry-disc  rectifiers  made? 


7.  What  limitations  does  a  dry-disc  rectifier  have? 


AC  SOURCE 


CURRENT  FLOW 


8-  Name  two  advantages  of  a  crystal  rectifier. 


How  does  current  flow  in  the  first  and  second  half  of 
an  AC  cycle  in  a  half-wave  rectifier? 


FC-106 


Figure  3-28.  Half-wave  rectifier  circuit. 
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Figure  3-29.  The  oulpul  cf  a  tul!-wavc  rcciilicr. 


10.   A  full-wave  dry-disc  rcctiiicr  wUl  have  how  many 
terminals? 


FC-105 


Figure  3-30.  Full-wave  (bridge  type)  rectifier. 


11.   A  full-wave  bridge  type  rectifier  has  how  many 
diodes? 


12.   State  the  parts  of  a  single  L-section  filter. 


430.  Specify  installation,  inspection,  maintenance  and 
troubleshooting  procedures  for  battery  chargers. 

Installation  and  Connection  Procedures.  Battery 
charging  equipment  must  be  installed  and  connected  in 
accordance  with  the  manufacturer's  specifications.  There 
are  no  real  requirements  in  the  National  Electrical  <^ode, 
except  for  branch  circuit  situations. 

Inspection  and  Maintenance  Procedures.  Again,  like 
the  installation  aspect,  the  inspection  and  maintenance  of  a 
battery  charger  is  primarily  dependent  upon  the 
manufacturer's  requirements.  One  can  insuie  proper 
operation  by  keeping  the  unit  clean  and  allowing  plenty  of 
ventilation.  Two  problems  that  affect  a  lot  of  electrical 
equipment  is  tinkering  and  pilferage.  These  problems  can 
be  reduced  by  locking  cabinets  or  securing  the  area  where 
the  battery  charger  is  located. 

Troubleshooting  and  Repairing/Replacing 
Procedures.  A  battery  charger  has  two  principal 
components;  the  transfonner  and  the  rectifier.  Like  the 
majority  of  electrical  equipment,  it  either  works  or  does  not 
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Figure  3-31.  Full-wave  rectifier  circuit. 


Exercises  (430): 

1.  State  important  maintenance  items  that  must  be 
followed  to  insure  proper  operation  of  a  battery 
charger. 


2.   If  you  have  voltage  input  to  a  rectifier  but  no  output, 
what  would  you  do? 


3.  What  instrument  would  you  use  to  check  the  wave 
form  of  a  bridge  rectifier  for  proper  output? 


Figure  3-32.  Rectifier  filter  circuit. 


4.  How  would  you  check  a  dry-disc  rectifier  for  proper 
temperature? 


work.  Rectifiers  are  included  in  that  statement.  If  a  rectifier 
passes  current  and  the  proper  pulsating  DC  is  obtained,  the 
system  is  OK.  The  waveform  of  the  rectifier  can  be  checked 
with  an  oscilloscope.  If  there  is  a  voltage  input  and  no 
voltage  output,  the  rectifier  is  bad  and  must  be  replaced. 
The  disc  in  a  dry-disc  rectifier  can  be  felt  for  proper 
temperature  operation.  A  disc  that  is  too  hot  reflects  too 
much  current  flowing  through  the  disc  and  damage  will 
result.  Again,  the  manufacturer's  specifications  will 
sometimes  give  trouble-shooting  techniques  and  should  be 
followed. 


431.  Restate  common  problems  and  procedures  for 
troubleshooting  batteries  and  battery  banks. 

Troubleshooting  and  Repairing/Replacing 
Procedures.  During  some  of  the  maintenance  steps  that 
you  perform,  you  may  find  a  battery  or  battery  bank  that 
indicates  a  trouble.  Some  possible  troubles  that  may  occur 
are: 

a.  Shorted  cell. 

b.  Open  cell. 
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c.  Low  specific  gravity  that  won't  increase  during  a 
charge. 

d.  Dead  cell,  no  voltage  present. 

To  locate  the  troubles  mentioned  above,  several  devices 
may  be  required.  If  a  battery  is  suspected,  a  hydrometer 
check  will  be  your  first  test.  This  will  tell  you  what  cells, 
for  whatever  reason,  are  not  charging  properly.  Once  the 
cells  are  identified,  a  voltmeter  will  indicate,  by  a  low  or  no 
voltage  reading,  an  open  or  shorted  cell. 

If  neither  a  hydrometer  reading  or  a  voltmeter  reading 
confirms  the  exact  problem,  then  it  may  be  necessary  to 
take  an  ammeter-load  check.  In  this  check  a  resistive  load 
with  an  ammeter  installed  is  placed  across  the  terminals  of 
the  battery.  This  device  will  show,  in  amperes,  how  much 
current  the  battery  can  provide.  A  weak  or  sulphated  cell 
that  will  show  a  good  charge  and  a  full  voltage  will  not  be 
able  to  sustain  that  voltage  under  load. 

In  any  case,  if  one  of  the  troubles  just  mentioned  occurs, 
the  electrician  must  replace  the  battery.  Replace  it  by 
disconnecting  the  battery  terminals,  making  sure  which  are 
the  positive  (+)  and  negative  (~)  leads.  Using  the  proper 
device,  lift  the  battery  out  of  its  box  or  rack  and  place  it  on 
the  floor  or  a  table.  It  should  be  disposed  of  in  accordance 
with  prescribed  directives.  Clean  the  battery  box  or  rack 
area  properly  before  you  install  the  replacement  battery. 

Make  sure  the  new  battery  is  completely  serviced.  If  the 
battery  has  the  electrolyte  already  in  the  battery,  all  you 
have  to  do  is  insure  that  the  battery  has  a  proper  charge.  If 
your  new  battery  comes  in  a  dry  state,  you  will  have  to  fill 
each  cell  with  an  elec*rolyte  of  the  prescribed  specific 
gravity.  The  electrolyte  is  usually  supplied  by  the  batterj* 
manufacturer,  and  when  available,  it  should  be  used.  If  it  is 
not  available,  you  can  mix  the  electrolyte  solution,  using 
sulfuric  acid  and  distilled  water. 

WARNING:  Always  pour  acid  into  water.  Never  pour 
water  into  acid,  as  this  will  cause  a  violent  chemical 
reaction  that  will  splatter  the  solution  over  the  surrounding 
area.  Pour  the  acid  very  slowly  into  'he  water  while  slowly 
stirring  the  solution.  Do  not  hurry!  You  must  wear  goggles, 
a  rubber  apron,  and  rubber  gloves  for  your  protection 
during  this  procedure. 

After  being  properly  serviced,  lift  the  new  battery  and 
place  it  in  the  box  or  on  the  rack  in  the  same  location  as  the 
old  one.  After  applying  a  small  amount  of  grease  to  the 
terminals,  connect  the  leads. 

CAUTION:  Where  one  of  the  terminals  connects  to 
ground,  always  connect  the  ungrounded  terminal  first.  This 
prevents  sparking  if  your  wre::ch  touches  the  ground  or 
frame  while  you  are  tightening  the  terminal. 

Exercises  (431): 

1.  Name  four  possible  troubles  that  may  occur  with  a 
battery. 
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When  one  or  more  of  the  troubles  mcntio:.  i  in 
questiOn  1  has  been  identified,  what  may  it  be 
necessary  to  do? 


3.  Bad  batteries  must  be  disjxjsed  of  in  what  manner? 


4.  After  the  electrician  has  removed  the  defective  battery 
and  cleaned  the  rack,  the  new  battery  must  be 
installed.  Which  terminal  should  he  connect  first  and 
why? 


3-4.  Emergency  Lighting 

How  many  times  have  you  seen  a  funny-looking  box 
mounted  on  the  wall  with  two  lights  attached  to  the  top?  In 
fact,  if  you  are  very  tall,  you  might  have  had  to  duck  or  tilt 
your  head  to  keep  from  hitting  the  boxes.  These  boxes  are 
called  emergency  lights  and  are  a  very  important  part  of  a 
building's  electrical  system.  The  exit  light  is  also  an 
important  identifier  within  a  building. 

432.  Give  the  types>  construction  features,  and 
operation  of  emergency  and  exit  lights. 

Purpose  of  Emergency  Lights.  An  c^mergency  light  is  a 
very  important  electrical  device.  It  is  used  to  provide  a 
temporary  source  of  light  in  case  the  regular  lighting  system 
fails.  The  regular  lighting  system  could  fail  due  to  fire, 
storms,  equipment  failure  or  loss  of  commercial  power. 
When  one  of  these  problems  develops,  the  emergency  light 
senses  the  loss  of  AC  power  and  automatically  turns  on  the 
DC  lights  mounted  on  the  cabinet.  The  lights  receive  their 
power  from  a  storage  battery  within  the  cabinet.  When  AC 
power  is  restored  to  the  emergency  light,  the  DC  lights  are 
automatically  turned  off. 

Emergency  lights  are  used  in  department  stores, 
industrial  plants,  theaters,  hospitals,  barracks,  dining  halls, 
and  office  buildings.  They  are  very  important  in  preventing 
panic  and  thefts,  saving  lives,  assuring  orderly  evacuation, 
and  preventing  work  stoppage  during  blackouts. 

Construction  Features.  The  typical  emergency  light 
will  contain  a  rechargeable  battery;  battery  charger;  low- 
voltage  incandescent  floodlights;  and  test,  monitoring,  and 
control  accessories. 

Rechargeable  battery.  Most  emergency  lights  have  some 
sort  of  battery,  either  a  lead-acid  type  or  a  nickel-cadmium 
type.  These  batteries  must  be  built  to  have  a  longer, 
trouble-free  life  on  trickle  charge.  Most  of  these  batteries 
also  have  a  specific  gravity  indicator  on  the  front  of  the 
battery.  Follow  the  manufacturer's  data  about  your  specific 
battery  to  insure  proper  operation. 

Most  emergency-light  batteries  are  of  the  6-volt  type.  In 
a  few  cases,  there  are  some  1 2- volt  types  that  are  used,  but 
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they  are  not  as  common.  Figure  3-33  shows  one  type  of 
emergency  light  battery,  the  sealed  lead-acid  type. 

Battery  charger.  The  battery  charger  of  an  emergency 
light  has  a  solid  state  charger.  The  detector  and  regulator 
are  used  to  provide  a  continuous,  infinitely  variable 
current-limited  charge  rate  as  demanded  by  the  battery  to 
maintain  it  fully  charged  at  all  times.  The  solid-state 
charger  will  vary  in  size,  but  v^ith  the  common  10.25- 
ampere  current-limited  transformer,  it  can  recharge  the 
accompanying  battery  within  12  hours  to  rated  voltage  after 
discharge  to  91  percent  nominal  with  rated  load.  One  type 
of  battery  charger  is  shown  in  figure  3-34. 

Low-voltage  incandescent  floodlights.  Most  emergency 
lighting  systems  use  a  25-watt,  6-volt  sealed-beam  lamp. 
This  lamp  has  a  light  pattern  that  is  relatively  wide  in  the 
vertical  plane.  This  means  that  it  will  be  most  effective 
when  illuminating  a  large  open  area,  such  as  a  rectangular 
store  or  work  area.  A  good  rule  of  thumb  is  that  one 
incandescent  lamp  will  be  sufficient  for  approximately 
1000  square  feet  if  the  lamp  is  located  so  that  its  full  light 
pattern  can  be  utilized.  These  lights  can  be  mounted  on  the 
unit  proper  or  in  a  remote  location.  See  figure  3-35. 

Accessories,  The  test  monitoring  and  control  accessories 
of  emergency  lights  will  consist  of  a  test  button  used  to  test 
the  operation  of  the  relay  and  switching  network.  A  pilot 
light  lets  you  know  that  the  unit  has  AC  power  applied.  An 
ammeter  tells  you  the  amount  of  charge  the  battery  is 
requiring  and  receiving.  In  some  cases,  there  will  be  a  ready 
light  to  let  you  know  the  system  is  ready  for  operation  and  a 
relay  which  does  the  changeover  when  AC  power  is  lost. 


Figure  3-33.  Sealed  lead-acid  battery. 
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Figure  3-34.  Battery  charger. 


Although  we  have  concentrated  our  subject  so  far  on  the 
mcandescent  types  of  emergency  lights,  there  is  also  a 
fiuorescent  emergency  lighting  system.  This  fiuorescent 
system  uses  a  battery  in  conjunction  with  a  ballast  for 
operation.  It  must  be  connected  in  a  branch  circuit  that  is 
not  switched  and  must  remain  on  at  all  times.  Figure  3-36 
shows  a  ballast,  battery,  and  test  switch  used  for  a 
fluorescent  emergency  light. 

Application  and  Theory  of  Operation.  Emergency 
lightmg  systems  are  used  in  the  Air  Force  to  a  great  extent. 
You  can  find  them  in  every  building  v^here  people  work.  In 
fact,  if  you  were  to  check,  you  could  probably  find  an 
emergency  light  everywhere  except  in  the  housing  units. 

The  emergency  lights,  whether  incandescent  or 
fluorescent,  have  an  important  mission.  These  systems  are 
sensmg  AC  at  all  times  through  a  line-voltage  relay.  If  the 
AC  power  to  these  lights  is  lost,  for  whatever  reason,  the 
relay  will  deenergize  and  close  a  set  of  contacts  and  turn  on 
the  lights.  Once  AC  power  is  restored,  the  line-voltage 
relay  will  energize  and  open  the  contacts  and  turn  off  the 
lights.  Figure  3-37  shows  a  wiring  diagram  of  a  fluorescent 
emergency  light.  Figure  3-38  shows  a  wiring  diagram  of  an 
incandescent  emergency  light. 

Exit  Lights.  Another  type  of  emergency  light  that  is 
used  is  the  exit  light.  Its  main  purpose  is  to  provide  a  means 
of  identifying  the  outside  doors  to  a  building. 

These  lights  have  either  an  incandescent  or  fluorescent 
system  and  a  transparent  glass  with  EXIT  painted  on  one  or 
both  sides  of  the  fixture.  The  National  Electrical  Code  and 
AFM  88-15,  Air  Force  Design  Manual— Criteria  and 
Standards  for  Air  Force  Construction,  require  that  these 
lights  be  connected  ahead  of  the  main  entrance  switch.  This 
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Figure  3-35.  Low-voltage  incandescent  floodlights. 


2.  Name  the  four  pai  ts  of  the  emergency  light. 


3.  Most  emergency  lights  use  a 
battery. 


_-volt 


4.  In  most  cases,  the  battery  in  an  emergency  light  can  be 
recharged  within  hours. 


5.  The  incandescent  lamp  on  top  of  emergency  lights  are 
of  what  type? 


Figure  3-36.  Accessories  of  a  fluorescent  emergency  light. 


allows  the  power  to  be  shut  off  and  the  exit  lights  to  still 
work. 

Exercises  (432): 
1 .  When  do  emergency  lights  operate? 


6.  Each  lamp  of  an  emergency  light  will  sufficiently 
cover  square  feet. 


7.  What  happens  when  the  AC  power  is  lost  to  an 
emergency  light? 
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Figure  3-37.  Fluorescent  emergency  light  schematic. 
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Figure  3-38.  Incandescent  emergency  light  schematic. 
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8.  Why  are  exit  lights  required  to  be  connected  ahead  of 
the  main  entrance  switch? 


Exercises  (433): 


1.  If  AC  power  fails,  what  is  the  requirement  of  the 
emergency  power  supply? 


9.  What  purpose  do  exit  lights  serve? 


10.  On  which  type(s)  of  systems  do  exit  lights  operate? 


433.  Explain  specific  details  of  installation  and 
connection  procedures  for  emergency  lights. 

Installation  and  Connecting  Procedures.  Emergency 
lighting  systems  are  installed  and  connected  so  that  they 
will  come  on  when  commercial  power  fails.  The  things  you 
must  consider  for  proper  operation  are  the  source  of  power, 
circuitry,  illumination,  and  wiring. 

Sources  of  power.  The  power  supply  to  an  emergency 
light  must  be  such  that  in  event  of  failure  of  the  normal 
supply  to  or  within  the  building,  emergency  lighting  will 
operate  immediately.  The  emergency  power  supplying  the 
emergency  light,  whether  in  the  light  or  in  a  battery  bank, 
Tiust  be  capable  of  maintaining  at  least  87^2  percent  of  the 
system  voltage  for  a  period  of  at  least  1  Vi  hours.  Batteries, 
whether  of  the  acid  or  alkali  type,  shall  be  designed  and 
constructed  to  meet  the  requirements  of  emergency  service, 
and  must  be  compatible  with  the  charger  for  that  particular 
installation.  The  containers  of  lead  acid  batteries,  which 
require  water  additions,  must  be  of  a  transparent  or 
translucent  material.  Maintenance-free  batteries  don't 
require  a  transparent  container,  and  automotive-type 
batteries  are  not  used  in  emergency  systems. 

Emergency  lighting  circuit.  No  appliances  and  no  lamps, 
other  than  those  specified  for  emergency  use,  shall  be 
supplied  by  emergency  lighting  circuits.  This  means  that 
the  branch  circuit  supplying  exit  and  emergency  lights  shall 
be  free  of  all  electrical  equipment  except  the  emergency 
lights  themselves.  It  is  further  against  the  code  to  add  any 
emergency  lights  to  a  branch  circuit  that  already  contains 
appliances  or  other  electrical  equipment. 

Emergency  illumination.  Emergency  lighting  systems 
must  be  so  installed  that  the  failure  of  any  individual 
lighting  element,  such  as  the  burning  out  of  a  light  bulb, 
will  not  leave  any  space  in  total  darkness. 

Independent  wiring.  The  wiring  for  emergency  systems 
must  be  kept  entirely  independent  of  the  regular  wiring  used 
for  lighting.  Therefore,  it  needs  to  be  in  separate  raceways, 
cables,  and  boxes.  This  requirement  is  to  insure  that  where 
faults  occur  on  the  regular  wiring,  they  will  not  affect  the 
emergency  system  wiring,  as  it  will  be  in  a  separate 
inclosure.  The  branch-circuit  fuse  or  circuit  breaker  in  these 
emergency  circuits  is  accessible  to  authorized  persons  only. 


2.   Lead-acid  batteries  of  the  water  addition  type  must 
have  what  type  of  container? 


3.  Circuits  for  emergency  lights  must  be  installed  in  what 
manner? 


4.   If  one  bulb  of  an  emergency  light  bums  out,  what 
requirement  must  be  met? 


434.  Explain  specific  details  about  the  inspection  and 
maintenance  of  emergency  lights  and  the  problems  and 
procedures  for  troubleshooting  them. 

Inspection  and  Maintenance  Procedures.  Emergency 
lighting  systems  require  maintenance.  If  they  are  checked 
for  proper  operation,  they  can  last  a  long  time  and  provide 
the  user  an  effective  piece  of  equipment.  Again,  the 
manufacturer's  data  and  National  Electrical  Code  provide 
some  good  ideas. 

The  authority  having  jurisdiction,  which  is  usually  the 
electrical  inspection  section,  must  conduct  or  witness  a  test 
on  the  emergency  lighting  system  uix)n  installation.  After 
this  initial  test,  these  systems  must  be  tested  periodically  on 
a  schedule  acceptable  to  the  civil  engineering  personnel. 
This  testing  helps  to  assure  that  emergency  lights  are  in 
proper  operation.  A  written  record  must  be  kept  of  all  tests 
and  maintenance  that  are  performed.  This  provides 
information  and  a  history  of  how  the  system  has  performed. 

The  primary  maintenance  concern  of  an  emergency 
lighting  system  is  to  make  sure  the  batteries  are  properly 
taken  care  of.  Lead-acid  batteries  that  must  have  water 
added  must  be  inspected  on  a  monthly  basis  for  the 
following: 

a.  Check  electrolyte  level  and  add  distilled  water  if 
needed. 

b.  Check  charging  rate.  Adjust  charging  rate  as 
necessary  to  maintain  proper  specific  gravity. 

c.  Test  for  proper  operation  under  simulated  power 
interruption. 

d.  Replace  lamps  as  necessary. 

e.  Wash  battery  terminals  with  a  solution  of  baking  soda 
and  warm  water  to  remove  any  film  or  corrosion  that  may 
be  present.  Then  apply  a  small  coat  of  lubricant. 

If  the  emergency  system  uses  maintenance  free  batteries, 
they  must  be  checked  on  an  annual  basis. 
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About  every  6  months,  discharge  the  battery  until  the 
hydrometer  on  the  case  shows  discharged.  The  simplest 
way  to  do  this  is  to  remove  the  1 10-volt  fuse  or  turn  off  the 
overcurrent  device.  After  discharge,  replace  the  fuse  or  turn 
on  the  overcurrent  device  and  allow  the  battery  to  charge. 
This  procedure  will  break  up  deposits  that  form  on  the 
battery  plates  due  to  the  trickle  charge  and  will  prolong  the 
life  of  the  battery. 

Troubleshooting,  Repair  and  Replacement 
Procedures.  Emergency  lighting  systems  are  pretty  much 
trouble-free.  If  one  were  to  concentrate  on  a  weak  area,  it 
would  have  to  be  the  battery  and  charging  circuit. 

If  the  battery  won't  hold  a  charge  or  the  specific  gravity 
will  never  come  up  to  specific  requirements,  it  needs  to  be 
replaced.  Make  sure  the  battery  is  replaced  with  the  same 
type,  voltage,  and  current  capabilities.  If  other  problems 
exist,  refer  to  the  troubleshooting  procedures  discussed  in 
the  section  on  batteries  and  battery  banks. 

If  the  charging  system  does  not  put  out  a  voltage,  look  for 
a  bad  fuse,  transformer,  diode  or  bridge  rectifier  (wound 
resistor). 

The  transfer  relay  will  give  you  trouble  once  in  a  while. 
If  it  does  stop  operating,  it  is  usually  the  plug-in  type,  and  a 
new  one  can  be  inserted  in  the  old  one's  place. 

Exercises  (434): 

1.  How  often  should  lead-acid  batteries  of  the  water- 
addition  type  be  tested? 


What  should  you  do  if  ilie  battery  in  an  emergency 
light  will  not  hold  a  charge? 


8.  A  transfer  relay  is  usually  of  what  type?  What  should 
you  do  if  the  relay  stops  operating? 


If  the  charging  system  in  the  emergency  light  does  not 
have  a  voltage  output,  what  three  items  might  be 
causing  the  problem? 


3-5.  Dining  Hall  and  Domestic  Appiiances 

This  text  covers  the  electric  heating  and  cooking 
equipment  ordinarily  used  in  domestic  quarters,  hospitals, 
and  dining  halls  on  Air  Force  installations.  Although  the 
types  of  equipment  used  may  vary,  the  basic  operational 
parts  of  these  appliances,  such  as  the  heating  elements, 
switches,  motors,  and  thermostats  are  the  same.  There  are 
three  basic  types  of  kitchen  equipment:  element  heated, 
motor  driven,  and  a  combination  of  both  motor  driven  and 
element  heated. 


2.  Who  establishes  the  monthly  schedule  for  maintenance 
of  an  emergency  system? 


3.  What  type  of  record  must  be  kept  on  the  test  and 
maintenance  of  an  emergency  lighting  system? 


4.  When  inspecting  an  emergency  light,  what  is  your 
primary  concern? 


5.  If,  when  inspecting  a  battery,  you  discover  corroded 
battery  terminals,  what  maintenance  steps  would  you 
perform? 


6.  How  often  should  the  battery  in  an  emergency  light  be 
completely  discharged  and  then  recharged? 


435.  E:vpiain  the  operation  and  state  the  types  of 
appliance  controls. 

Appliance  controls,  as  the  name  implies,  turn  off  and  on 
and  regulate  the  electric  appliances  we  use  daily.  There  arc 
two  general  classes  of  controls:  manual  and  automatic. 
Manual  controls  turn  the  appliance  off  and  on,  and  some 
types  set  the  appliance  at  a  desired  temperature  by 
controlling  the  current  flow  to  the  unit.  The  automatic 
control  in  addition  to  turning  the  unit  off  and  on,  maintains 
an  even  heat  in  the  unit.  The  even  temperature  of  automatic 
controls  results  in  better  food  preparation  and  allows  more 
time  for  the  food  preparer  to  accomplish  other  essential 
tasks. 

Manual  Controls.  Manual  controls  turn  the  heating  unit 
off  and  on  by  making  or  breaking  the  electric  ckcuit. 
Manual  controls  consist  of  the  toggle  switch  and  different 
types  of  rotai>'  switches. 

Toggle  switch.  This  type  of  control  is  used  to  make  and 
break  the  electric  circuit  on  many  small  appliances.  They 
are  normally  installed  in  the  appliance  cord  or  in  an 
electrical  box.  Repair  on  this  type  of  switch  is  limited  to 
replacement.  New  switches  are  usually  so  inexpensive  that 
repairing  an  old  one  is  not  economical. 

Rotary  switch.  Rotary  switches  have  fast  make-and- 
break  action  and  usually  have  three  or  more  heat  settings. 
The  fast  make-and-break  contacts  help  eliminate  the  usual 
pitting  and  burning  of  the  contacts.  Contacts  can  move  fast 
by  spring  action  within  the  switch. 
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Rotary  switches  are  normally  used  to  control  the  top 
elements  of  an  electric  range.  Changing  the  position  of  the 
switch  changes  the  voltage  and  connection  to  the  element. 
For  example,  the  LOW  position  connects  the  elements  in 
series  to  a  120- volt  power  source,  while  the  HIGH  position 
connects  the  elements  in  parallel  to  a  240-volt  power 
source.  Various  combinations  of  these  connections  deliver 
different  heat  from  the  unit,  all  controlled  by  the  rotary 
switch.  Figure  3-39  shows  a  typical  rotary  switch. 

Repair  of  this  switch  is  recommended  only  as  a 
temporary  measure.  Repair  consists  of  cleaning  and 
adjusting  contacts,  replacing  worn  and  inoperative  parts, 
and  lubricating  contacts  and  the  switch  mechanism  with 
nonoxide  grease  for  smoother  operation.  The  switch  should 
be  replaced  as  soon  as  a  replacement  is  available. 

Pull-and'turn  switch.  The  pull-and-tiun  switch,  shown 
in  figure  3-40,  is  constructed  to  carry  the  higher  loads 
connected  with  commercial  ranges  and  oven  installations  in 
dining  halls  and  the  like.  The  current  is  interrupted  ahead  of 
the  make-and-break  of  the  sv/itch  contacts.  This  eliminates 
the  usual  pitting  and  bu:ning  of  contacts.  This  switch 
cannot  be  repaired.  You  must  replace  it. 

Automatic  Controls.  The  basic  function  of  the 
automatic  control  is  turning  current  off  and  on  as  required  to 
maintain  a  desired  temperature. 

Bimetallic  blade.  The  bimetallic  blade  control,  as  shown 
in  figure  3-41 ,  is  operated  by  the  expanding  and  contracting 
effect  caused  by  heating  two  pieces  of  dissimilar  metals  that 
are  welded  together.  Repair  of  this  control  is  limited  to  an 
adjustment  in  its  temperature  setting. 

Helix  isontrol.  The  helix  control  (the  parts  of  "vhich  are 
shown  in  fig.  3-42)  is  used  in  some  domestic, 
semicommercial,  and  commercial  installations.  It  is 
operated  by  a  thermostatic  metal  that  coils  and  uncoils 
when  heat  is  applied,  operating  a  switch  to  make  and  break 
the  electric  circuit.  Repairing  this  unit  consists  of  replacing 


Figure  3-39.  Rotary  switch. 
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Figure  3-40.  Pull-and-tum  switch. 


miscellaneous  parts  such  as  the  switch  assembly,  helix, 
helix  guard,  dials,  and  so  on. 

Hydraulic  control.  The  hydraulic  control  is  probably  the 
most  frequently  used  control  for  automatically  regulating 
the  temperature  of  cooking  appliances.  It  uses  a  capillary 
tube,  filled  with  fluid,  connected  to  a  hydraulic  bellows. 
See  figure  3-43.  The  capillary  tube  has  a  bulb  on  one  end, 
which  is  filled  with  fluid.  The  bulb  is  put  in  the  heat  zone 
and  transfers  heat-created  pressure  through  the  capillary  to 
the  diaphragm.  The  expanding  diaphragm  presses  a  system 
of  levers  which  snap  the  electrical  contacts  open,  thus 
cutting  off  electrical  current  to  the  controls.  Automatic 
recycling  takes  place  with  slight  temperature  drops, 
maintaining  a  constant  set  temperature. 

Certain  types  of  hydraulic  controls  have  a  safety  device, 
set  normally  at  450°  F.,  to  trip  and  shut  the  unit  off.  This 
safety  device  must  then  be  manually  reset.  It  may  take 
several  hours  before  the  appliance  has  cooled  down  enough 
to  allow  the  operator  to  reset  the  unit. 

Repairing  the  hydraulic  control  is  usually  limited  to 
adjusting  the  temperature  setting  to  correspond  with  the 
temperature  recorded  in  the  appliance.  You  can  adjust  the 
temperature  control  by  loosening,  but  not  removing,  the 
two  small,  slotted  lock  screws  (fig.  3-43)  that  are  hidden 
behind  the  dial.  Now,  with  one  hand,  hold  the  main  center 
hub  of  the  control  and  move  the  slotted  adjusting  plate  to 
the  right  to  raise  the  temperature,  or  to  the  left  to  lower  the 
temperature.  This  is  a  delicate  adjustment,  so  move  the  dial 
a  little  at  a  time. 

If  you  find  that  the  circular  slots  in  the  adjusting  plate 
prevent  you  from  turning  the  plate  for  the  desired 
temperature  change,  remove  the  two  lock  screws  carefully 
so  that  you  can  move  the  adjusting  plate  a  full  180°. 
Replace  the  two  adjusting  screws  and  continue  the 
calibration  process  as  before. 

Timers.  A  timer  is  used  to  automatically  control  an 
appliance  or  give  a  warning  to  the  operator  that  a 
predetermined  time  has  lapsed.  Figure  3-44  shows  a  typical 
wiring  diagram  of  an  electric  range  single-pole  oven  timer. 

78        5  JO 


KNOB 


HELICAL  SPRING 
AND  PIVOTED 
BIMETAL  BLADE 


CONTACTS  AND  PIVOTS 


SPRING 


STOP  PLATE 


—    SCALE  AND  INDEX  MARK 


LINE  CONNECTIONS 


TERMINAL  BLOCK 


CONTACTS 


HOUSING 


COMPOUND   BIMETAL  BLADE 


CED-OOB 


Figure  3-41.  Bimetallic  blade  control. 
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Figure  3-42.  Helix  components. 


Exercises  (435): 

1 .  What  is  the  purpose  of  appliance  controls? 

2.  State  the  two  types  of  switches  or  controls. 

3.  List  the  three  types  of  manual  controls. 

4.  List  the  four  types  of  automatic  controls. 


S.  What  principle  of  operation  does  a  helix  control 
employ? 


6.  What  type  of  operation  does  a  bimetallic  blade  control 
have? 


7.  What  principle  of  operation  docs  a  hydraulic  control 
use? 


436.  State  the  types  and  give  specific  details  about  open 
and  inclosed  heating  elements. 

There  are  many  types  of  heat-producing  appliances. 
Some  provide  heat  for  cooking,  some  for  comfort,  and 
some  for  health.  Although  these  various  appliances  differ 
widely  in  design  and  configuration,  each  depends  upon  a 
heating  element  actuated  by  electricity  to  operate.  A 
heating  element  is  made  from  a  special  wire,  normally  a 
combination  of  several  metals.  The  best  known  metal  is 
nickel-chromium  alloy  or  nichrome.  The  element  is  classed 
as  a  semiconductor,  which  allows  current  to  flow,  but  with 
a  great  amount  of  resistance.  The  more  current  forced 
through  the  element  by  higher  voltages,  the  greater  the 
amount  of  heat  it  produces. 

There  are  two  general  types  of  electrical  heating  elements 
used  by  the  Air  Force.  The  two  types  are  the  open  (coil  or 
ribbon)  and  the  enclosed  (tubular).  The  specific  type 
depends  upon  the  use  for  which  the  element  is  designed. 

Open  Elements.  Open  heating  elements  are  used  where 
the  material  to  be  heated  is  dry  and  the  element  does  not 
come  in  contact  with  anything.  The  element  is  made  of 
high-  resistance  wire,  which  becomes  hot  with  the  passage 
of  electric  current.  The  wire  may  be  either  coiled  to  offer 
more  length  and  greater  heat,  or  it  may  be  flattened  to 
ribbon  form. 

Coil  type .  The  open-coi  1  heating  elements  may  be 
mounted  on  rods  (center  of  fig.  3-45)  for  use  in  ovens  and 
space  heaters.  They  may  be  of  the  suspended  type  (bottom 
of  fig.  3-45)  supported  by  porcelain  insulators  and  used  in 
domestic  range  ovens  and  space  heaters  or  they  may  be 
spiral-wound  (top  of  fig.  3-45)  and  used  in  a  porcelain  brick 
as  a  surface  heating  unit  on  ranges  and  the  like. 

Ribbon  type.  Ribbon-type  heating  elements,  usually 
wrapped  around  a  mica  insulator,  are  used  in  small 
appliances,  such  as  irons  and  toasters  (see  fig.  3-46). 

Repair  and  replacefr^-'^i  procedures.  If  an  open  heating 
element  becomes  oxidized  or  brittle,  replace  the  entire  coil. 
If  the  element  is  fairly  new  and  is  not  badly  oxidized,  you 
can  repair  it  temporarily  until  a  replacement  can  be 
obtained.  To  repair  an  element,  use  one  of  the  following 
methods: 

a.  Twist  together  broken  ends  of  the  heating  element 
wires  and  braze  the  ends  with  silver  solder,  using  a  suitable 
flux. 

b.  Insert  the  broken  ends  in  a  split  washer  and  pound  flat, 
making  sure  that  you  obtain  a  solid  connection. 

c.  Insert  the  broken  ends  of  the  heating  element  in  a 
nichrome  sleeve  and  flatten  the  sleeve  to  insure  a  solid 
connection. 

Inclosed  Heating  Elements.  The  inclosed  heating 
elements  are  used  for  both  surface  and  immersed  heating. 
They  are  found  in  nearly  all  types  of  appliances,  such  as 
clothes  dryers,  dishwashers,  water  heaters,  deep  fat  fryers, 
and  electric  ranges.  Inclosed  elements  are  made  of  a  high- 
resistance  wire  set  inside  a  copper  tube  or  cast  in  an  iron 
tube  to  withstand  the  abuse  of  heavy  cooking  utensils.  The 
resistance  wire  is  separated  from  the  tube  by  an  electrical 
insulating  material.  This  eliminates  the  possibility  of 
electrical  shorts  or  grounds  to  anything  that  comes  in 
contact  with  the  tube. 
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Figure  3-43.  Hydraulic  controls. 
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Figure  3^44.  Singlc-polc  oven  timer  wiring  schematic. 


Surface-cooking  type.  Surface-cooking  inclosed  units 
are  used  on  domestic  ranges  and  some  commercial 
equipment.  The  resistance  wire  is  surrounded  by  an 
insulating  powder  and  covered  with  a  metallic  tube  (see  fig, 
3-47). 

Immersion  type.  Immersion-type  units  are  used  in  water 
heaters,  deep  fat  fryers,  and  sterilizers.  The  resistance  wire 
is  surrounded  by  an  insulating  powder  and  covered  by  a 
copper  tube  (see  fig.  3-48).  Immersion-type  elements  must 
be  constantly  submerged  in  liquid  to  prevent  damage. 

Repair  and  replacement  procedures.  Inclosed- type 
heating  elements  are  uneconomical  to  repair  and  have  to  be 
replaced.  Test  the  elements  for  opens  or  grounds  before  you 
discard  them  to  be  sure  they  are  defective.  Opens  occur  in 
the  elements  when  they  have  been  damaged  by  abuse  and 
when  excessive  voltage  has  been  applied.  You  can  detect 
this  by  a  lack  of  continuity  across  the  element.  Grounds 
occur  when  the  resistance  wire  touches  the  inclosing  tube. 
They  can  be  caused  by  rough  handling  and  can  be  detected 
by  continuity  between  the  terminal  and  the  tube. 

Exercises  (436): 

1 .  List  the  two  types  of  open  heating  elements. 
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2.  List  the  two  types  of  inclosed  heating  elements. 


Figure  3-45.  Types  of  open-coil  heating  elements. 
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3.  In  what  type  of  material  is  the  electrical  high- 
Figure  3-^6.  Ribbon-iype  heating  element.  resistance  wire  of  an  element  inclosed? 


4.  What  is  the  most  common  alloy  of  which  heating 
elements  are  made? 


5.  Under  what  conditions  should  you  use  open  heating 
elements? 


6.  What  kinds  of  appliances  operate  with  ribbon  type 
heating  elements? 


7.  What  type  of  sleeve  is  used  to  repair  an  open  element? 


Construction  of  surface  cooking  elements. 

8.  What  is  the  normal  procedure  to  follow  when  an 
inclosed  heating  element  is  defective? 

Figure  3-47.  Construction  of  surface  cooking  elements. 
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437.    Identify    accurate   statements    regarding  the 
operating  principles  of  appliances. 

The  information  on  various  representative  appliances 
applies  generally  to  a  number  of  different  makes  and 
models.  You  can  use  these  repair  procedures  for  other 
appliances  which  you  will  service.  In  order  to  troubleshoot 
and  repair  appliances  effectively,  you  must  understand  their 
principles  of  operation.  For  this  reason,  we  will  discuss 
each  f^ppliance  briefly  before  we  consider  any  servicing 
problems. 

Heating  Appliances.  Electric  heating  appliances  used  in 
offices  and  homes  are  usually  called  space  heaters.  They 
are  used  to  heat  individual  rooms  and  to  furnish  additional 
heat  to  rooms  and  buildings  which  already  have  some 
installed  type  of  heating  system.  An  electric  heater  is  an 
ideal  means  of  producing  heat  for  this  purpose,  because  it  is 
clean  and  easily  tixmsported. 

There  are  several  types  of  electric  space  heaters, 
including  the  small  portable  unit;  the  larger,  permanently 
installed  unit;  and  the  panel  type. 

Portable  space  heater,  Tne  electric  space  heater  most 
often  used  is  the  small  portable  unit.  It  is  connected  to  a 
power  source  by  a  flexible  cord  and  controlled  manually  by 
a  switch.  A  unit  of  this  type  is  desirable  to  heat  small 
offices,  single  rooms,  and  baths. 

Portable  bowl- type  electric  heaters  are  the  most 
numerous.  This  heater  contains  a  coil  of  resistance  wire, 
usually  nichrome,  wound  on  a  cylindrical  insulator.  The 
heating  assembly  is  positioned  in  the  center  of  a  round 
reflector  bowl  which  is  equipped  with  a  stand  and  a  wire 
grille.  The  heat  produced  is  reflected  into  the  area  by  the 
reflector  bowl. 

The  portable  convection-type  heater  looks  somewhat  like 
a  regular  floor  gas-operated  space  heater.  The  heating  coils 
are  inside  a  metal  shield.  When  the  heater  is  in  operation, 
the  heated  air  surrounding  the  coil  rises  and  is  replaced  by 
the  cool  air  from  the  floor.  This  action  produces  a 
circulation  of  air  through  the  heater  and  warms  the  area. 

There  is  also  a  smaV  portable  unit  designed  with  a 
heating  element  and  a  motor-driven  electric  fan.  The  fan 
causes  positive  heat  transfer  from  the  element  to  the  air. 
Heaters  of  this  type  are  generally  equipped  with  a  switch 
which  controls  boUi  the  fan  motor  and  the  heating  element. 

Common  space  heater.  The  common  space  heater  is 
larger  than  a  portable  unit.  It  is  installed  permanently  and, 
depending  on  the  design,  may  be  installed  in  the  floor,  wall, 
or  ceiling.  It  is  usually  controlled  by  a  thermostat,  but  it  can 
be  controlled  manually  if  desired.  This  type  has  a  shell, 
heating  element,  blower,  blower  motor,  thermostat,  and 
manual  switch. 

Panel  space  heater.  Still  another  space  heater  is  the 
panel  type.  It  is  used  to  heat  office  spaces  and  small 
apartments.  The  heater  mounts  into  a  wall  and  is  controlled 
either  manually  or  automatically.  The  most  common  size  of 
panel  space  heater  is  approximately  20  inches  wide  and  60 
inches  tall,  but  other  sizes  are  in  use.  The  heater  is  made  up 
of  a  reflector,  a  heating  element;  a  protective  guard;  and,  in 
some  cases,  a  motor-driven  circulating  fan  or  blower. 

Electric  heaters  are  designed  to  operate  on  120-  and  240- 
volt  AC.  Those  which  operate  on  240  volts  are  usually  more 


efficient.  Some  of  these  heaters  have  a  two-heat  switch  so 
that  the  user  can  select  one  of  two  settings. 

Most  of  the  space  heaters  are  simple  in  construction;  and 
if  a  trouble  occurs,  it  is  usually  a  faulty  cord  or  a  broken 
heating  element.  The  heating  element  is  most  often  the 
open  coil  type,  held  in  position  by  ceramic  spacers  or 
hooks. 

Cooking  Appliances.  We  will  now  discuss  electric 
cooking  equipment  used  in  domestic  quarters,  ho.spitals, 
and  dining  facilities  in  the  Air  Force.  Although  the  types  of 
equipment  used  may  vary,  the  basic  operating  parts  of  all 
these  appliances  are  heating  elements,  switches,  and 
thermostats.  Appliances  are  required  to  have  a  nameplate 
showing  the  operating  voltage  and  the  load,  either  in 
amperes  or  watts. 

Toasters.  Both  domestic  and  commercial  toasters  have  a 
toasting  chamber  with  heating  elements  which  heat  the 
bread  by  radiation.  Domestic  toasters  are  usually  operated 
manually  by  a  switch  or  by  a  timer  mechanism;  commercial 
toasters  are  usually  operated  by  a  motor-driven  chain 
conveyor. 

a.  Domestic  toasters.  Most  domestic  toasters  operate  on 
120  volts  and  are  connected  to  the  power  source  by  cords 
and  an  attachment  plug.  A  mechanical  mechanism  lowers 
the  bread  between  the  heating  elements  and  also  completes 
the  electric  circuit  to  the  elements.  The  bread  is  toasted  to 
the  degree  determined  by  the  length  of  time  the  mechanism 
remains  in  the  down  position.  A  spring  on  the  lowering 
mechanism  governs  that  time.  The  spring  tension  is 
adjusted  by  a  dial  on  the  side  of  the  toaster  which 
determines  the  color  of  the  toast. 

Normally,  faulty  toaster  operation  results  from  improper 
closing  of  the  contact  points.  The  points  may  be  cleaned 
with  a  fine  file  or  sandpaper,  and  the  mec.ianical  linkage 
may  be  adjusted  for  proper  operation.  Other  troubles  are 
loose  connections  which  should  be  cleaned  and  tightened 
and  open  elements  which  must  be  replaced. 

b.  Commercial  toasters.  Commercial  toasters  are  used 
extensively  in  dining  halls,  where  a  large  quantity  of  toast  is 
needed.  The  commercial  toaster  usually  operates  on  208-, 
220-,  or  240-volt  single-phase  power.  The  toaster  consists 
of  heating  elements,  a  switch,  thermostat,  conveyor  rack, 
and  a  small  drive  motor.  The  switch  controls  the  power  to 
the  motor  and  heating  elements.  The  motor  drives  the 
conveyor  rack  to  carry  the  bread  past  the  heating  elements. 
The  thermostat  controls  the  temperature  of  the  heating 
elements,  thereby  controlling  the  degree  to  which  the  bread 
is  toasted. 

Figure  3-49  shows  a  typical  commercial  toaster  diagram. 
When  ycu  are  troubleshooting  a  toaster,  check  the  power 
supply  first.  Then  check  for  loose  connections  and  open 
elements.  Element  repair  is  normally  confined  to 
replacement.  Insure  that  the  power  is  disconnected  when 
you  repair  a  toaster. 

Deep  fat  fryers.  Deep  fat  fryers  usually  have  a  tank,  one 
or  more  heating  elements  immersed  directly  in  the  fat,  and  a 
temperature  control  for  maintaining  desired  cooking 
temperatures.  Cooking  temperatures  are  normally 
maintained  between  240°  to  410°  F.  Temperatures  above 
410°  F.  are  harmful  to  frying  fats  and  should  never  be  used. 
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Figure  3-49.  Commercial  toaster  wiring  diagram. 


The  power  supply  for  deep  fat  fryers  is  usually  208,  220, 
or  240  volts  and  may  be  a  single-phase  or  three-phase 
connection.  The  main  parts  of  a  deep  fat  firyer  are  a  tank, 
heating  elements,  a  thermostat^  a  relay,  a  pilot  light,  and  a 
safety  switch.  The  tank  holds  the  cooking  fat.  A  tank  of 
normal  size  holds  approximately  28  pounds  of  fat.  The 
heating  elements  are  put  directly  into  the  fat  and  must  be 
completely  covered  before  the  unit  is  turned  on. 

The  thermostat  acts  as  the  main  switch  and  regulates  the 
temperature  of  the  fat.  When  the  thermostat  is  turned  on, 
power  is  applied  through  the  safety-limit  switch  to  the  relay 
coil,  energizing  the  relay.  When  they  are  energized,  the 
relay  tacts  close,  supplying  power  to  the  heating 
elements.  The  safety-limit  switch  protects  the  heating 
elements  from  harm  if  they  are  lifted  out  of  the  fat  before 
the  unit  is  shut  off. 

Electric  ranges.  Electric  ranges  cook  food  by  surface 
and  oven  heating  elements.  The  surface  elements  or  burners 
are  on  the  top  of  the  range,  and  the  oven  elements  are  within 
the  oven.  Electric  ranges  differ  in  size,  but  most  standard 
ranges  have  four  surface  burners,  a  deep- well  cooker,  and 
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an  oven.  Electric  ranges  vary  in  width  from  the  20-itich 
apartment  size  to  the  40-inch  full  size  range.  The 
approximate  height  of  the  surface  burners  from  the  floor  is 
35  inches. 

The  primary  components  of  an  electric  range  are  the 
surface  burners,  deep-well  cooker,  oven,  timer,  and 
individual  switches  which  control  the  temperatures  of  the 
heating  units.  The  range  usually  has  a  convenience  outlet 
to  supply  electricity  for  a  coffee  percolator,  waffle  iron,  or 
toaster,  which  you  can  operate  on  the  top  of  the  range.  The 
range  is  usually  automatic.  The  oven  control  keeps  the 
temperature  of  the  oven  at  a  set  point,  and  an  electric  clock 
and  timer  shuts  off  the  oven  at  a  predetermined  time.  The 
individual  switches  which  control  the  temperatures  of  the 
surface  burners  are  usually  located  on  the  front  of  the  range. 

The  principle  of  operation  of  an  electric  range  is  simply 
that  of  an  electric  current  passing  through  a  resistance, 
thereby  producing  heat.  The  resistance  is  usually  nichrome 
wire. 
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Heating  elements  used  in  ranges  may  be  of  the  open  or 
the  inclosed  types.  The  surface  burners  usually  have 
inclosed  tubular  or  cast-in  elements.  Each  element  is 
controlled  by  an  individual  switch,  which  can  control  the 
element  for  as  many  as  10  different  heat  positions.  The 
electrical  power  supply  to  each  element  is  cither  120  volts 
or  240  volts  or  both,  depending  upon  the  heat  position  of 
the  switch.  Each  surface  burner  is  connected  to  a  signal 
light  which  indicates  when  the  unit  is  in  the  on  position.  In 
the  wiring  schematic  in  figure  3-50,  you  can  see  the  wiring 
of  a  typical  electric  range. 


The  ovens  of  electric  ranges  are  equipped  with  open  or 
inclosed  elements.  These  include  the  rod  and  coil, 
suspended  coil,  spiral-wound  or  the  tubular  types.  Modem 
ovens  usually  have  two  heating  elements.  One  is  located  in 
the  upper  part  of  the  oven  and  the  other  in  the  lower  part. 

Water  Heaters.  Electric  water  heaters  have  a  storage 
tank,  one  or  two  heating  elements,  insulation,  a  shell,  and 
one  or  two  temperature  controls.  The  heating  elements 
deliver  heat  c'  ctly  to  the  water  and  each  element  has  a 
thermostat,  usuuily  located  just  above  it,  as  shown  in  figure 
3-51 .  The  average  temperature  setting  of  the  control  is  ISO"* 
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Figure  3-50.  Electric  range  wiring  schematic. 
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FiRure  3-5 1 .  Twin-unit  water  heater. 


F.,  the  most  desirable  water  temperature  for  all  purposes.  In 
figure  3-52  you  can  see  the  wiring  schematic  of  a  dual- 
element  water  healer. 

Dishwasher  (Clipper).  Clippers  are  large  electrical 
appliances  that  aiw  used  in  many  dining  halls  to  wash  glass 
dishes  and  silverware.  See  figure  3-53,  They  usually  consist 
of  a  hot  water  tank  with  a  booster  for  extra  hot  water,  a 
drive  line,  usually  motor-chain  driven,  a  control  panel,  and 
an  assortment  of  electrical  switches  and  temperature 
devices  to  insure  proper  dishwashing.  Because  of  the 
complex  components,  we  will  not  go  into  any  great  detail  in 
this  chapter.  We  do  want  you  to  know  that  the  clipper  is 
maintained  and  repaired  by  the  electric  shop. 


Exercises  (437): 

Place  a  T  or  F  beside  each  true  statement  and  correct  false 
statements. 

 1.    Portable  space  heaters  are  controlled  manually 

by  a  switch. 


2.  Panel  space  heaters  that  operate  on  240  volts 
are  usually  more  efficient  than  heaters  that 
operate  on  120-volt  AC. 
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Figure  3-52.  Water  heater  wiring  schematic. 


.3.    Faulty  toaster  operation  results  from  improper 
closing  of  the  contact  points. 


.4.    Deep  fat  fryers  arc  regulated  by  the  heating 
elements,  which  supply  direct  heat. 


.5.    An  electric  range  operates  due  to  an  electric 
current  passing  through  nichrome  wire. 


.6.    Electric  hot  water  tanks  may  contain  two 
heating  elements. 


Clippers  are  maintained  and  repaired  by  the 
electric  shop. 


438.  Give  specific  details  about  the  installation  and 
connection  of  heaters  and  electric  ranges. 

Installation  and  Connection  of  Kitchen  Appliances. 

Kitchen  equipment  is  connected  to  a  source  of  power  by  one 
of  two  methods:  permanent  and  temporary.  Temporary 
connections  are  made  by  means  of  a  flexible  cord  attached 
to  a  male  plug  and  connected  or  plugged  into  a  wall  outlet. 
A  temporary  connection  is  usually  made  on  low- voltage, 
portable  equipment.  Permanent  connections  are  made  by 
wiring  the  appliance  directly  to  a  junction  box  of  the  power 
circuit.  A  permanent  connection  is  usually  made  on  large, 
high-voltage,  stationary  equipment. 

Installation  of  Heaters.  When  you  install  an  electric 
space  heater,  refer  to  the  information  from  the  nameplate 
for  proper  installation.  Each  unit  of  heating  equipment 
should  have  a  nameplate  giving  the  identifying  name  and 
the  normal  rating  in  volts  and  amperes,  or  in  volts  and 
watts.  Heating  equipment  for  use  on  AC  only  or  DC  only 
must  be  so  marked.  Heaters  equipped  with  motors  over  1/8 
horsepower  should  state  the  rating  of  the  motor  in  volts, 
amperes,  and  frequency,  and  the  heating  load  in  volts  and 
watts  or  amperes. 

Portable  space  heaters.  Usually  portable  heaters  are 
connected  to  a  source  of  power  through  a  power  cord  with  a 
two-  or  three-prong  male  plug.  The  cord  must  be  of  the 
approved  type  for  its  location.  Cords  for  heaters  located  in 
damp  places  must  be  one  of  the  following  types  of 
insulation: 

a.  AFSJ  or  AFS:  insulation  of  impregnated  asbestos, 
with  an  outer  covering  of  rubber. 

b.  HSJ:  insulation  of  rubber  with  asbestos  or  all 
neoprene,  with  an  outer  covering  of  cotton  and  rubber. 

c.  HSJO,  HS,  or  HSO:  insulation  of  rubber  with  asbestos 
or  all  neoprene,  with  an  outer  covering  of  cotton  and  oil- 
resistant  compound. 

Cords  for  portable  heaters  located  in  dry  places  are  type 
HPD,  an  insulation  of  rubber  with  asbestos  or  all  neoprene, 
with  an  outer  covering  of  cotton  or  rayon.  The  cord  should 
have  one  conductor  for  use  as  grounding  which  can  be 
easily  distinguished  from  the  other  conductors.  Its  normal 
color  is  green.  It  should  be  no  smaller  than  No.  14  AWG 
copper  wire,  except  that,  when  the  current-carrying 
conductors  are  smaller  than  No.  14  AWG,  the  ground 
should  be  the  same  size  as  the  current-carrying  conductors. 

Fixed  heaters.  The  ampere  rating  of  branch  circuit 
conductors  used  to  supply  fixed  space  heaters,  which 
consist  of  resistance  elements  with  or  without  a  motor, 
should  be  figured  on  the  basis  of  125  percent  of  the  total 
load  of  the  motor  and  the  heater.  All  fixed  electric  space 
heaters  must  be  provided  with  a  means  for  disconnection 
from  all  ungrounded  conductors. 

Heaters  should  not  be  placed  where  they  are  exposed  to 
severe   physical   damage   unless   they   are  adequately 
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Figure  3-53.  Dishwasher. 


protected.  If  they  are  used  in  damp  or  wet  locations,  they 
must  be  approved  for  such  use  and  must  be  constructed  and 
installed  so  that  water  cannot  enter  or  accumulate  in 
wircA'ays,  electrical  components,  or  duct  work.  All  non 
current-carrying  parts  that  can  become  energized  must  be 
bonded  together  and  positively  connected  to  a  continuous 
No.  14  AWG  (or  larger)  covered  copper  wire  extending  to 
the  distribution  panelboard.  When  the  bonding  conductor  is 
subject  to  physical  damage,  it  must  be  at  least  a  No.  10 
AWG  copper.  Before  connecting  the  space  heater  to  the 
power  source,  make  sure  that  the  circuit  is  off. 

Installation  of  Electric  Ranges.  When  you  install  a 
range,  first  determine  the  number  of  watts  that  the  range 
will  use  if  all  the  surface  burners  and  the  oven  arc  on  at  the 
same  time.  The  number  of  watts  depends  upon  such  factors 
as  type,  size,  construction,  make,  etc.  A  less  expensive 
range  is  likely  to  use  more  watts  because  the  oven  may  not 
be  too  well  insulated  and  the  burners  may  not  be  of  the 
economy  type.  To  determine  the  wattage  used  by  an 
electric  range,  look  at  the  namep"    •.  An  electric  range 


usually  consumes  from  800  to  16,000  watts.  For  this 
reason,  ranges  should  be  on  a  special  circuit  between  the 
building  "servicr  entrance"  and  the  range. 

The  size  of  the  range  cable  depends  upon  the  kilowatt 
rating  of  the  range.  The  cable  usually  carries  two  No.  6  or 
No.  8  wires,  with  a  neutral  wire  one  size  smaller.  A  No.  8 
wire  is  the  smallest  permitted  for  SVa  kW  and  larger  ranges. 

An  electric  range  usually  requires  a  SO-ampere  circuit.  It 
must  be  protected  by  a  50-ampere  overcurrcnt  protection 
device.  AH  receptacles,  switches,  and  sockets  for  a  50- 
ampere  circuit  must  have  a  rating  of  50  ampercs. 

Beforc  you  plug  in  the  power  cord  of  a  range,  be  sure  that 
all  the  controls  are  in  the  OFF  position  and  that  the  range 
circuit  is  decnergizcd.  With  the  circuit  **dead,"  plug  in  the 
range  and  turn  on  the  circuit  switch.  This  method  prevents 
possible  arcing  at  the  prongs  of  the  male  plug  and  the  wall 
outlet.  This  arcing  would  occur  if  most  of  the  burners  were 
in  the  ON  position.  After  a  range  is  installed,  perform  an 
operational  test  to  check  its  operation. 
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Other  Appliances.  The  installation  of  all  appliances 
must  meet  the  standards  of  the  National  Electrical  Code  and 
the  manufacturer's  requirements.  To  try  to  discuss  each 
installation  at  this  time  would  require  more  time  than  we 
have.  One  thing  to  think  about  when  in  'ling  any 
appliance  is  the  size  of  the  wire,  which  mii<v  be  large 
enough  to  carry  the  load  of  the  appliance.  All  onduit  must 
be  run  in  a  good  workmanship  type  manner  a^  be  of  proper 
size  to  house  the  conductors.  A  determination  must  be  made 
as  to  whether  a  permanent  or  temporary  connection  should 
be  made  with  the  appliance. 

Exercises  (438): 

1.  Before  installing  an  electric  space  heater,  where 
should  you  look  for  information  about  the  voltage  of 
the  heating  equipment? 


2.  How  is  the  grounding  conductor  of  a  cord  for  a 
portable  space  heater  distinguished  from  the  other 
conductors? 


3.  When  installing  a  conductor  to  a  fixed  heater,  what 
percentage  of  the  load  should  the  conductor  carry? 


4.  What  is  the  watt  consumption  of  an  electric  range? 


5.  On  what  does  the  size  of  a  range  cable  depend? 


6.  What  size  wire  would  normally  be  installed  to  an 
electric  range? 


7.  What  requirements  apply  to  an  electric  range  with  a 
50-amp  circuit? 


8.  Why  must  you  be  sure  to  deenergize  a  range  circuit 
and  have  all  controls  in  the  OFF  position  before 
plugging  in  the  power  cord? 


439.  Restate  speciflc  details  concerning  repair  of  and 
troubleshooting  procedures  for  appliances. 

General  Troubleshooting.  A  bad  appliance  should  first 
be  checked  visually.  If  a  visual  inspection  fails  to  find  the 
trouble,  a  meter  is  an  indispensable  device  in  testing 
electrical  circuits  of  appliances. 

When  you  attempt  to  repair  an  inoperative  appliance,  do 
not  be  in  a  hurry  to  disassemble  it  to  find  the  trouble.  You 
should  furst  pull  the  power  cord  male  plug  from  the  wall 
outlet  and  tb^in  determine  if  there  is  current  at  the  outlet.  If 
the  outlet  is  energized,  inspect  the  power  cord.  Next, 
examine  the  male  plug  connections  for  cleanliness  and 
tightness.  Finally,  inspect  the  power  cord  for  any  broken 
wires  at  points  where  ^e  cord  is  most  likely  to  bend.  Also, 
check  the  insulation  on  the  power  cord.  If  the  condition  of 
the  cord  makes  it  unserviceable,  you  should  replace  it 
before  going  any  further  in  your  troubleshooting  procedure. 

Checking  the  power  supply  and  the  condition  of  the 
power  cord  should  be  the  first  thing  you  do  when  you 
attempt  to  find  an  electrical  fault  in  an  appliance.  In  a 
number  of  cases,  electrical  faults  are  found  in  the  power 
cord  rather  than  in  the  appliance  itself.  Only  when  you  have 
detennined  that  the  fault  is  not  with  the  power  supply  or  the 
power  cord  should  you  consider  troubleshooting  the  internal 
units.  To  troubleshoot  these  units  effectively,  you  may 
have  to  disassemble  part  of  the  appliance. 

In  your  troubleshooting  and  repair  work,  treat  electricity 
with  respect.  Working  with  electricity  is  hazardous  and  you 
must  take  every  precaution  to  avoid  electrical  shocks, 
bums,  and  even  electrocution.  Regard  all  circuits  as  live 
until  you  have  opened  the  switches  or  have  made  a  voltage 
test  and  know  that  the  circuit  is  ^ead.  Lx>ck  all  switches 
which  have  been  opened  in  the  OPB.N  position  and  remove 
protective  devices,  such  as  fuses,  from  the  holders.  As  an 
added  precaution,  it  is  good  practice  to  tag  the  switches, 
fuses,  and  other  protective  devices  to  keep  other  personnel 
from  tampering  with  them  and  creating  a  safety  hazard. 

Troubleshooting  Heaters.  Before  troubleshooting  the 
internal  components  of  an  electrical  space  heater, 
determine  if  there  is  voltage  at  the  wall  outlet.  Next, 
examine  the  male  plug  terminal  connections  for  cleanliness 
and  tightness.  Then  inspect  the  power  cord  for  broken 
conductors.  Perform  a  continuity  check  on  the  power  cord 
to  make  sure  that  it  is  all  right.  If  you  have  the  proper 
voltage  at  the  outlet  and  the  power  cord  is  serviceable,  then 
you  are  ready  to  test  the  internal  components  of  the  heater. 

Remove  the  grille  and  examine  the  heating  element  for 
breaks.  All  heating  elements  that  are  replaceable  in  the  field 
and  are  a  part  of  an  electric  heater  must  be  legibly  marked 
with  the  ratings  in  volts  and  amperes  or  in  volts  and  watts. 
If  a  visual  inspection  does  not  reveal  any  breaks  in  the 
clement,  then  perform  a  continuity  test  on  it.  Also,  check 
the  element's  terminal  screws  for  corrosion  and  looseness. 
You  may  find  an  open  at  these  points.  Next,  check  the 
operation  of  the  thermostat  and  switches.  Opens  may  be 
found  at  these  points  too.  If  you  find  any  opens  in  these 
control  devices,  you  should  dress  the  contact  points  with  a 
strip  of  cardboard  or  a  burnishing  tool.  If  the  blower  motor 
is  inoperative,  your  trouble  may  be  in  the  motor,  the  motor 
circuit,  or  the  control  circuit. 
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TABLE  3-2 

TROUBLESHOOTING  GUIDE  FOR  ELECTRICAL  RANGES 


Trouble 
Range  will  no!  heat. 


No  beat  at  one  surface  burner. 


Surface  burner  too  hot. 
No  beat  in  oven. 


Oven  too  cool. 

Oven  too  hot. 
Unevr.n  baking. 

Appliances  fail  to  heat  when 
plugged  into  appliance  outlet. 


Probable  Cause 

No  voltage  at  outlet. 

Blown  fuse. 

Open  breaker. 

Broken  wire  in  power  cord. 

Faulty  wall  outlet. 

Faulty  prongs  on  male  plug. 

Faulty  slots  in  wall  outlet. 

Loose  terminal  connections  at  burner 

unit. 

Corroded  contacts  in  control  switch. 
A  burned-out  element. 
Open  in  bun*er  circuit. 
Incorrect  or  inverse  connections. 
Element  connections  loose  and 
corroded. 

Bumed-out  element  or  elements. 
Inoperative  oven  control. 
Inoperative  oven  control. 
Improper  voiuge  at  element. 
O^exi  in  one  section  of  element. 
Loose  and  corroded  element 
connections. 

Inoperative  oven  control. 
Wrong  element. 
Range  tilted. 

Oven  racks  not  on  proper  supports. 
Blown  fuse  or  tripped  circuit  breaker. 
Loose  and  corroded  circuit 
connections. 
Broken  circuit  wires. 
Faulty  outlet. 


Remedy 

Correct  voltage. 

Replace  fuse. 

Reset  breaker. 

Check  continuity  of  cord. 

Check  for  voltage  at  outlet. 

Replace  i**  necessary. 

Replace  if  necessary. 

Clean  A  tighten  connections. 

Clean  contacts  with  sandpaper. 
Replace  element. 
Replace  wires  if  necessary. 
Switch  wires  as  required. 
Clean  &  tighten  coimections. 

Replace  elements. 
Adjust  or  replace  control. 
Adjust  and  replace  control. 
Check  increase  voltage. 
Check  and  replace  voltage. 
Clean  and  tighten  connections. 

Adj  t  or  replace  control. 
Install  proper  element. 
Level  range. 

Place  racks  on  proper  supports. 
Replace  fuse  or  reset  breaker. 
Clean  and  tighten  connections. 

Replace  wires. 
Replace  if  necessary. 

0Ka*o<4 


Troubleshooting  Motor-Driven  Appliances.  The  three 
main  sources  of  trouble  in  motor-driven  appliances  are  the 
power  connections,  switches,  and  motor  field  windings. 
Check  all  power  connections  for  a  bad  male  plug,  broken  or 
shorted  flexible  cord,  and  loose  or  dirty  connections. 
Check  the  switch  for  a  broken  case,  making  and  breaking  of 
the  contacts,  and  loose  and  dirty  connections. 

Check  the  motor  for  opens,  shorts,  and  grounds  if  it  is 
inoperative.  Tighten  all  loose  connections.  Clean  all  dirty 
connections.  If  the  motor  cannot  be  readily  repaired,  install 
a  substitute  or  replacement  motor. 

Exercises  (439): 

1 .  What  is  the  first  check  you  should  do  to  an  inoperative 
appliance? 


What  is  the  first  thing  you  should  do  when  attempting 
to  find  an  electrical  fault  in  an  appliance? 


4.  What  is  the  probable  cause  when  a  burner  on  an 
electric  range  gets  too  hot? 


5 .  What  is  the  moht  common  repair  of  electric  ranges? 


2.  What  type  of  test  should  you  perform  if  a  visual  check 
does  not  reveal  any  opens  in  a  heating  element? 


6.  What  are  the  repair  procedures  when  troubleshooting 
toasters? 
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Use  the  troubleshooting  guides  in  tabic  3-1  to  detennine 
the  probable  cause  and  remedy  for  electrical  space  heater 
troubles. 

After  you  have  found  the  faulty  unit  in  an  electric  space 
heater,  repair  or  replace  it.  Before  you  begin  to  repair  the 
heater,  disconnect  it  from  the  power  source.  Since  the 
construction  of  an  electric  space  heater  is  simple,  you 
should  have  very  little  difficulty  in  removing  any  of  its 
faulty  components.  Usually,  you  will  have  to  remove  the 
grille  before  you  can  replace  any  internal  components.  The 
use  of  a  manufacturer's  repair  manual  is  very  helpful  when 
you  work  on  an  electric  space  heater. 

Troubleshooting  Toasters.  Trouble  in  this  unit  is 
usually  in  loose  or  burned  connections,  damaged  relay  coils 
and  contacts,  or  opens  in  the  heating  elements.  There  is  no 
repair  procedure  for  these  heating  elements.  They  must  be 
replaced  if  they  are  inoperative. 

Troubleshooting  Electric  Ranges.  When  an  electric 
range  is  malfunctioning  and  blows  out  the  main  fuses,  do 
not  replace  the  fuses  until  the  fault  is  located.  A  faulty 
condition  of  this  type  should  reveal  an  electrical  "short"  or 
••ground"  in  one  of  the  surface  burners,  oven  coils,  or 
auxiliary  circuits.  After  completely  decnergizing  the  range, 
inspect  the  wiring  for  abraded  insulation  and  crossed 
wiring.  If  you  replace  some  of  the  wiring,  use  only  wire  that 
is  covered  with  a  heat-resistant  insulation. 

When  electrical  power  is  not  getting  to  the  range  at  all, 
look  for  an  ••open"  in  the  main  circuit.  Consider  the 
electrical  power  at  the  range  outlet  and  the  condition  of  the 
range  jwwer  cord.  Be  sure  you  have  proper  contact  between 
the  prongs  of  the  male  plug  and  the  cord  and  the  slots  in  the 
outlet. 


Since  there  are  many  different  faults  which  cause  an 
electrical  range  to  malfunction,  refer  to  table  3-2  to  help 
you  with  troubleshooting  procedures.  This  table  is  by  no 
means  complete,  but  should  assist  in  your  search  for  the 
malfunction. 

Repair  procedures.  The  most  common  repair  of  electric 
ranges  is  the  replacement  of  burned-out  heating  elements. 
Replacement  procedures  for  all  makes  and  models  are 
identical,  although  the  position  on  the  range  may  vary. 

To  remove  a  heating  element  from  an  electric  range,  first 
disconnect  the  range  from  the  electrical  power  supply. 
Next,  lift  the  heating  element  from  the  range.  Now  tag  the 
element  leads,  if  necessary.  When  the  terminal  blocks  and 
wires  are  color  coded,  the  above  procedure  is  not  necessary. 
Finally,  detach  the  lead  from  the  element.  Install  it, 
reversing  the  disassembly  procedure.  After  the  burner  is  in 
place,  connect  the  range  to  the  wall  outlet  and  perform  an 
operational  test  on  the  new  surface  burner.  Usually,  any  one 
of  the  surface  burner  control  switches  can  be  removed 
without  bothering  the  others. 

Problems  which  you  are  likely  to  find  in  oven 
components  are  bumed-out  coils,  broken  ceramic 
insulators,  and  loose  and  corroded  connections.  If  you  are 
replacing  a  bumed-out  element,  remove  the  complete 
assembly  from  the  oven.  When  you  get  the  coil  assembly 
out  where  you  can  work  on  it  conveniently,  replace  its 
faulty  parts. 

After  the  oven  element  is  installed,  see  that  the 
thermostat  is  set  at  the  OFF  position  before  you  turn  on  the 
electric  power  to  the  range.  Perform  an  operational  test  on 
the  new  element. 


TABLE  3-1 

TROl  3LESHOOnNG  GUIDE  FOR  ELECTRICAL  SPACE  HEATERS 


TroubU 
Heater  blows  fuse. 

Main  switch  is  defective. 

Element  will  not  beat  but  blower 
nms. 

Element  heats  but  will  not  lun. 

Blower  motor  operates  too 
slowly. 


Probable  Cause 

too  small  for  load. 
Shoit  in  heater. 
Ground  in  beater. 
Shotted  blower  motor. 
Contacts  out  of  alignment* 
Broken  spring. 
Firozen  contacts. 
Loose  element  connections. 
Conoded  ekment  connections. 
Defective  thermostat. 
Defective  blower  motor. 
Loose  motor  circuit  connections. 
Cbrroded  motor  circuit  connections 
Broken  motor  circuit  wiring. 
Inoperative  switch  or  tberaiostat. 
Imfxoper  voltn^^e. 
Defective  blower  motor. 
Defective  blower  nKHor  wiring. 
Defective  blower  motor  switch. 
Defective  thermostat. 


Remedy 

Install  fuse  of  proper  rating. 

Repair  shoxt. 

Repair  ground. 

Replace  motor. 

Align  contacts. 

Replace  switch. 

Replace  switch. 

Tighten  connections. 

Clean  connections. 

Replace  thermostat. 

Replace  blower  motor. 

Tighten  connections. 

Clean  conoded  connections. 

Repair  wiring. 

Repair  switch  or  thermostat. 

Correct  voltage. 

Replace  motor. 

Replace  wiring. 

Replace  switch. 

Replace  or  Kpair  thermostat. 
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What  procedure  should  you  follow  in  the  event  there  is 
an  open  in  the  thermostat  or  switches  of  a  heating 
element? 


What  are  the  three  main  sources  of  trouble  in  motor- 
driven  appliances? 


440,  State  troubleshooting,  inspection,  and  maintenance 
procedures  for  controls  and  elements  on  appliances. 

Inspecting  and  Maintenance  of  Controls  and  Elements 
on  Appliances.  It  is  the  responsibility  of  the  electrician  to 
make  sure  switches  and  elements  used  on  appliances 
operate  properly.  This  can  be  done  by  developing  a  good 
inspection  and  maintenance  plan.  Periodically,  check  for 
loose  connections,  burned  or  pitted  contacts,  su^d  the  proper 
switch  mounting.  You  should  also  check  for  good 
connections,  proper  mounting,  and  loose  or  broken 
insulators  on  coil  or  ribbon  elements. 

The  inspection  and  maintenance  of  switches  and 
elements  go  hand  in  hand;  and  in  most  cases,  a  problem 
discovered  during  inspection  is  corrected  on  the  spot  and 
requires  no  further  work  until  the  next  inspection. 

Troubleshooting  Controls  and  Elements.  Look  out  for 
control  devices  and  elements.  They  will  most  likely  be  your 
biggest  problem. 

Switches  and  controls.  Check  switches  and  controls  for 
making  and  breaking  of  contact  with  an  ohmmeter.  If  the 
switch  is  ON,  the  ohmmeter  should  read  "0."  The 
operation  of  a  switch  can  also  be  checked  with  a  voltmeter. 
Check  for  voltage  input  and  voltage  output. 

New  switches  are  usually  so  inexpensive  that  repairing  an 
old  one  is  not  economical.  The  contacts  may  be  reformed  as 
a  temporary  measure  to  make  sure  a  positive  contact  is 
made  for  completing  the  electric  circuit.  Lubricating  the 
contacts  and  spring  mechanism  with  nonoxide  grease 
reactivates  switch  operation. 

Repair  of  the  bimetallic  blade  control  is  limited  to  an 
adjustment  in  the  temperature  setting  of  the  control  to  agree 
with  the  temperature  recorded  in  the  appliance  or 
equipment  being  tested.  Temperature  of  equipment  should 
be  tested  by  a  reliable  temperature  tester  or  a  good 
thermometer. 

Repair  of  the  helix  control  is  limited  to  adjustment  of 
temperature  setting  of  the  control  to  agree  with  the 
temperature  recorded  in  the  appliance  or  equipment  being 


tested.  If  the  control  cannot  be  adjusted,  the  complete 
control  assembly  must  be  replaced. 

Timers.  If  a  timer  fails  to  operate,  use  the  following 
procedures  to  locate  the  trouble. 

a.  Test  electric  circuit  for  blown  fuse. 

b.  Check  for  friction  between  hands  of  timer  and  timer 
crystal. 

c.  Check  all  wire  connections. 

To  repair  the  inoperative  electric  timer,  perform  the 
following: 

a.  Replace  blown  fuses  with  fuse  of  proper  rating. 

b.  Replace  complete  rotor  if  rotor  is  inoperative. 

c.  Replace  complete  coil  assembly  if  field  coil  is  burned 
out. 

d.  Repair  timer  switch  assembly  by  cleaning  contacts  or 
reforming  the  contact  arm  to  insure  positive  contact.  If 
contact  shows  excessive  wear,  replace  switch  assembly. 

€.  Adjust  hands  of  timer  if  u^xids  of  timer  are  binding. 
/.  Check  all  connections  at  back  of  timer  for  positive 
contact  to  make  sure  the  circuit  is  complete. 

Elements.  An  element  can  be  checked  using  a  voltmeter 
or  ohmmeter.  If  a  voltmeter  is  being  used,  remove  one  wire 
from  the  element  and  check  for  voltage  between  the  empty 
terminal  and  ground.  A  voltage  reading  indicates  a  good 
element,  and  no  voltage  indicates  an  open  or  defective 
element. 

If  an  ohnuneter  is  used,  first  make  sure  the  power  has 
been  disconnected.  Remove  both  conductors  to  prevent 
false  readings.  Connect  the  two  leads  of  the  ohmmeter  to 
the  two  terminals  of  the  element.  A  reading  of  '*0" 
indicates  a  good  element.  A  reading  of  infinity  indicates  an 
open  element. 

Exercises  (440): 


When  performing  a  s-vitch  inspection,  what  should  an 
electrician  check  for? 


2 .  How  can  you  reactivate  a  faulty  witch? 


3.  How  should  you  repair  a  helix  control? 


4.  When  testing  a  heating  element  with  an  ohmmeter, 
what  does  a  reading  of  0  indicate? 
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CHAPTER  4 


Cathodic  Protection  Systems 


THE  AIR  FORCE  with  its  worldwide  commitments  must 
not  have  its  mission  jeopardized  because  some  vital  system 
is  rendered  unserviceable  by  corrosion.  Since  we  cannot 
always  immediately  replace  corroded  equipment,  corrosion 
is  a  problem  of  great  concern  at  all  Air  Force  bases. 

4-1  •  Corrosion 

Corrosion  is  difficult  to  control.  Each  metal  structure 
used  by  the  Air  Force  has  its  own  corrosion  problems.  This 
section  is  designed  to  be  helpful  in  the  basic  sciences 
related  to  corrosion.  It  should  help  you  in  anticipating, 
diagnosing,  and  dealing  with  corrosion  problems. 

441.  Define  corrosion,  explain  the  components  and 
terms  relating  to  it,  and  describe  how  the  corrosion 
process  takes  place* 

Corrosion.  Corrosion  is  the  gradual  destruction  of  a 
material,  usually  a  metal,  by  chemical  or  electrochemical 
reaction  with  its  environment.  Corrosion  occurs  by  an 
electrochemical  process.  This  is  similar  to  that  which  takes 
place  when  a  carbon-zinc  (dry)  cell  generates  a  direct 
current.  Basically,  an  anode  (negative  electrode),  a  cathode 
(fKJsitive  electrode),  an  electrolyte  (corrosive  environment), 
and  a  metallic  circuit  connecting  the  anode  and  the  cathode 
are  required  for  corrosion  to  occur.  We  will  discuss  these 
terms  one  at  a  time. 

Anode.  The  term  **anode"  is  used  to  describe  that 
portion  of  the  metal  surface  that  is  corroded  and  from  which 
current  leaves  the  metal  to  enter  the  solution.  Let  us 
consider  what  takes  place  at  the  anode  when  corrosion 
occurs.  Positively  charged  ions  of  metal  leave  the  solid 
surface  and  enter  into  the  solution.  They  leave  negatively 
charged  ions  which  are  able  to  flow  throi:'3h  the  metal. 

The  ions  can  bear  one  or  more  positive  charges.  In  the 
corrosion  of  iron,  iron  atoms  become  ions  carrying  two 
positive  charges,  throwing  off  electrons  as  shown  in  figure 
4-1 .  These  electrons  travel  through  the  metal  or  an  external 
electrical  conductor  to  complete  the  circuit  at  the  cathode, 
where  a  corresponding  reaction  consumes  these  electrons. 

Cathode.  The  term  * 'cathode"  is  used  to  describe  the 
metal  surface  from  which  current  leaves  the  solution  and 
returns  to  the  metal.  This  is  taking  place  at  the  same  time  as 
at  the  anode.  The  electrons  generated  by  the  formation  of 
metallic  ions  at  the  anode  have  passed  through  the  metal  to 
the  surface  of  the  cathode  areas  immersed  in  the  electrolyte. 
Here,  they  restore  the  electrical  balance  of  the  system  by 
reacting  with  and  neutralizing  f>ositive  ions  such  as 
hydrogen  ions  in  the  electrolyte.   Hydrogen  ions  are 


changed  to  atoms,  and  these  often  combine  to  tbrni 
hydrogen  gas  by  their  reaction  with  the  electrons  at  a 
cathode  surface.  This  change  of  hydrogen  ions  at  the 
cathode  surfaces  will  disturb  the  balance  between  the  acidic 
hydrogen  (H^)  ions  and  the  alkaline  hydroxy  1  (OH")  and 
make  the  solution  less  acid  or  more  alkaline  in  this  area,  as 
shown  in  figure  4-2. 

Electrolyte.  A  solution  capable  of  conducting  electricity 
is  called  an  electrolyte.  Its  ability  to  conduct  electricity  is 
due  to  the  presence  of  what  we  called  ions.  These  are 
pe  sitively  or  negatively  charged  atoms  or  groups  of  atoms 
in  a  solution.  Pure  water,  as  shown  in  figure  4-3,  contains 
positively  charged  hydrogen  ions  (H^)  and  negatively 
charged  hydroxyl  ions  (OH"")  in  equal  amounts. 

Metal  circuit.  The  circuit  is  completed  outside  the 
solution  through  the  metal  or  through  a  conductor  joining 
two  pieces  of  metal.  The  essential  components  are  shown  in 
figure  4-4.  The  dots  represent  electricity  (galvanic  current) 
flowing  in  the  solution  from  the  anode  (-)  to  the  cathode 
(+)  and  returning  from  the  cathode  to  the  anode  through  the 
metal  wires. 

For  ease  of  discussion,  the  anodes  and  cathodes  involved 
in  a  corrosion  reaction  are  called  electrodes.  The  electrodes 
may  consist  of  two  different  kinds  of  metal,  or  they  may  be 
different  areas  on  the  same  piece  of  metal.  The  negative 
electrode  (anode)  is  where  corrosion  occurs. 

Briefly  then,  for  corrosion  to  occur,  there  must  be  a 
formation  of  ions  and  release  of  electrons  at  an  anode 
surface  and  acceptance  at  the  cathode  surface  of  the 
electrons  generated  at  the  anode.  This  acceptance  of 
electrons  can  take  the  form  of  neutralization  of  positive  ions 
or  the  formation  of  negative  ions.  The  anode  and  cathode 
reactions  must  go  on  at  the  same  time  and  at  equal  rates. 
However,  corrosion  occurs  only  at  the  anodes.  This  loss  of 
anode  material  is  galvanic  corrosion,  as  shown  in  figure  4- 
5. 

Simple  cell  corrosion.  So  far  we  have  described  the 
reactions  (results)  which  take  place  in  a  simple  cell.  This 
process  causes  pitting  and  is  the  main  concern  of  cathodic 
protection. 

Figure  4-6  shows  an  example  of  simple  cell  corrosion  on 
an  iron  pipe.  This  can  take  place  between  two  soils  of 
different  moisture  content.  If  at  one  point  there  is  moist  soil 
and  at  another  f>oint  dry  soil,  the  conditions  are  excellent 
for  a  corrosion  cell  to  start.  The  iron  ions  pass  from  the 
anode  into  the  electrolyte,  which  in  this  case  is  the  moist 
soil.  The  electrons  flow  along  the  pipe  to  the  cathode  to 
unite  with  hydrogen  ions.  Figure  4-7  shows  a  cell  being 
formed  in  one  sf>ot.  Impurities  in  the  iron  itself  cause  the 
corrosion  to  start. 
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Figure  4-4.  Current  flow  between  an  anode  and  a  cathode. 

Exercises  (441): 
I.  Define  corrosion. 


2.  List  and  explain  the  four  components  necessary  for 
corrosion. 


3 .  Describe  simple  ce  1 1  corrosion . 


Figure  4-2.  Forming  of  hydrogen  atoms  at  cathode. 


CCF-IOS 

Figure 4-3.  Hydrogen  (H'*')  and  hydroxyl  (OH~)  ions  in  water. 
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442.  Identify  the  characteristics  of  corrosion. 

Forms  of  Normal  Corrosion.  The  three  basic  forms  of 
normal  corrosion  that  commonly  occur  on  underground 
steel  pip>elines  and  inside  fuel  or  water  storage  tanks  are:  (1) 
general  corrosion  (uniform  attack);  (2)  galvanic  corrosion 
(dissiniilar-metal  corrosion);  and  (3)  concentration-cell 
corrosion.  These  forms  of  corrosion  are  referred  to  as 
normal  corrosion.  We  will  begin  our  discussion  with 
general  corrosion. 

General  corrosion.  General  corrosion  is  the  uniform 
anodic  dissolving  of  metal  over  the  entire  exposed  surface 
area.  The  corrosion  rate  is  nearly  constant  at  all  locations. 
Microscopic  anodes  and  cathodes,  which  are  continuously 
changing  their  electrochemical  behavior  from  anode  to 
cathode  and  cathode  to  anode,  are  believed  to  provide  the 
corrosion  cells  for  uniform  attack.  Underground  steel 
pipelines  can   be  expected  to  deteriorate  by  general 
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Fif  are  4-5.  Simple  cell  of  inactive  metal  and  iron. 


corrosion  at  reasonably  rapid  rates  when  they  are  exposed  to 
low-resistivity,  aggressive  soils.  For  example,  steel 
pipelines  exposed  to  soils  having  resistivities  less  than 
1 ,000  ohm-cm  can  be  expected  to  develop  corrosion  leaks 
in  times  as  short  as  5  years. 

Galvanic  corrosion.  Galvanic  corrosion  will  generally 
occur  if  two  electrochemically-dissimilar  metals  or  alloys 
are  metallically  connected  and  exposed  to  a  corrosive 
environment.  The  less  noble  material  (anode)  suffers 
accelerated  attack  and  the  more  noble  metal/alloy  (cathode) 
is  cathodically  protected  by  the  galvanic  current.  The 
anode-cathode  relationship  is  always  the  same  for  any  two 
materials.  For  example,  if  iron  and  magnesium  are  the 
electrodes,  iron  is  always  the  cathode  and  magnesium  is 
always  the  anode.  But,  if  iron  and  copper  are  placed  in  an 
electrolyte,  iron  becomes  the  anode  and  copper  becomes 
the  cathode.  This  means  that,  in  an  iron-magnesium  cell, 
the  magnesium  corrodes;  in  an  iron-copper  cell,  the  iron 
corrodes.  These  three  metals  can  be  listed  in  the  order  of 
their  anode-cathode  relationship,  as  follows: 


ANODIC  OR  CORRODED  END 
Magnesium 
Iron 
Copper 

CATHODIC  OR  PROTECTED  END 

This  list,  for  a  given  electrolyte,  is  known  as  a  gal  vanic 
series  and  tells  which  of  two  materials  is  the  anode  and 
which  is  the  cathode  in  that  particular  electrolyte.  A 
galvanic  series  for  metals  in  sea  water  is  shown  in  table  4-1 . 
This  galvanic  series  can  be  used  for  most  situations 
occurring  at  Air  Force  installations.  Table  4-1  lists 
magnesium  at  the  top  of  the  chart.  This  indicates  that 
magnesium  corrodes  readily.  Therefore,  to  protect  a  certain 
metal,  you  must  choose  a  metal  listed  higher  on  the  table. 

There  is  no  absolute  value  of  the  elcctropotcntial  of  a 
metal  outside  the  factors  that  influence  the  corrosive 
characteristic  of  the  solution  in  which  the  potential  is 
measured.  Values  of  potential  can  change  from  one  solution 
to  another  or  in  any  solution  when  influenced  by  such 
factors  as  temperature,  aeration,  and  velocity  of  movement. 
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Figure  4-6.  Simple  corrosion  cell  caused  by  dissimilar  environment. 


Thus,  there  is  no  way  other  than  by  potential  measurement 
in  the  exact  location  of  the  solution,  to  predict  the  potentials 
of  the  metals  and  the  direction  of  a  galvanic  effect  in  that 
location. 

The  situation,  however  is  not  quite  as  bad  as  it  seems. 
Metals  will  corrode  about  the  same  in  most  of  the  locations 
they  are  likely  to  be  used.  Thus,  their  positions  in  the 
galvanic  series  may  be  about  the  same  in  most  locations. 
Observations  of  potentials  and  galvanic  behavior  are 
generally  made  in  sea  water.  Metals  are  arranged  in  a 
galvanic  series  based  on  these  observations.  In  the  absence 
of  data  more  directly  applicable  to  other  locations,  an 
estimate  is  made  of  the  probable  direction  of  the  galvanic 
effects.  You  may  be  requested  to  take  metal-to-metal 
readings  where  data  more  directly  applicable  to  a  certain 
location  are  needed. 


In  dissimilar  metal  couplings,  the  more  active  metals  in 
the  galvanic  series  will  corrode  to  protect  the  more  noble 
nietals.  It  is  inconvenient  to  compare  the  potentials  of 
different  metals  to  each  other  by  measuring  all  sorts  of 
combinations.  **Bench  marks''  can  be  provided  for 
potential  measurements  to  which  any  measured  potential 
may  be  compared. 

Although  there  are  several  potential  **bench  marks''  in 
common  use,  all  of  them  are  related  to  a  basic  standard. 
One-half  of  the  cell  which  generates  the  potential  that  is 
measured  is  represented  by  a  platinized  platinum  electrode 
over  which  hydrogen  gas  is  bubbled  while  immersed  in  a 
solution  having  a  definite  concentration  of  hydrogen  ions 
(expressed  as  an  activity  of  one).  Using  such  an  electrode  as 
one-half  of  a  galvanic  cell  and  immersing  pure  metals  in 
solutions  having  a  concentration  of  their  ions  at  an  activity 
of  one,  a  series  of  voltage  measurements  can  be  made.  If 
the  potential  of  the  plaMnized  platinum  electrode  covered 
with  hydrogen  in  its  standard  solution  is  said  to  be  zero  on 
our  scale  of  potentials,  then  we  can  describe  the  potentials 
of  all  the  other  metals  in  their  appropriate  solutions  in  terms 
of  the  voltage  that  is  generated  in  the  cells .  The 
electromotive  force  (emf)  series  (table  4-2)  shows  the 
relative  tendency  of  metals  to  corrode  when  coupled  in  a 
given  location.  With  hydrogen  as  the  reference  point,  all 
less  noble  metals  will  have  a  negative  (— )  potential,  and  all 
more  noble  metals  will  have  a  positive  (  +  )  potential.  In 
measuring  and  reporting  potentials,  it  is  necessary  to 
indicate  the  magnitude  (amount)  of  the  voltage  an  1  its  sign 
(+  or  — ).  The  minus  sign  indicates  that  the  metal  is 
negative  with  respect  to  the  reference  electrode. 

Inspection  of  the  galvanic  cell  suggests  that  corrosion 
damage  at  the  anode  should  be  directly  proportional  to  the 
potential  difference  between  the  two  metals  and  inversely 
proportional  to  the  circuit  resistance.  Metals  having  widely 
different  open-circuit  (single  electrode  or  corrosion, 
potentials  in  a  given  location  would  be  expected  to  generate 


TABLE  4-1 
GALVANIC  SERIES 


ANODIC  OR  CORRODED  END  OF  THE  SERIES 


Magnesium  (Galvomag  alloy) 
Magnesium  (H-1  alloy) 
Zinc 

Aluminum  (Alclad  3003) 
Aluminum  (3003  -  H18) 
Aluminum  (6061  -  T6) 
Aluminum  (5052  -  H38) 
Cast  Iron 
Carbon  Steel 

Stainless  Steel  Type  430,  17%  Cr  (active) 
Ni-resist  cast  iron,  20%  Ni 

Stainless  Steel  Type  304,  18%  Cr,  8%  Ni  (active) 

Stainless  Steel  Type  410,  13%  Cr  (active) 

Ni -resist  cast  iron,  30%  Ni 

Ni -resist  cast  iron,  30%  Ni  +  Cu 

Naval  Rolled  Brass 

Yellow  Brass 

Copper 

Red  Brass 

Composition  G  Bronze 

Admiralty  Brass 

90-10  Cupro-nickel ,  0.8%  iron 

70-30  Cupro-nickel,  0.06%  iron 

70-30  Cupro-n ickel ,  0.47%  iron 

Stainless  Steel  Type  430,  17%  Cr  (passive) 

Nickel 

Stainless  Steel  Type  316,  18%  Cr,  12%  Ni ,  3%  Mo  (active) 
Inconel 

Stainless  Steel  type  410,  13%  Cr  (passive) 

Titanium  (commercial) 

Silver 

Titanium  (high  purity  from  iodide) 

Stainless  Steel  Type  304f,  18%  Cr,  8%  Ni  (passive) 

Hastelloy  C 

Monel 

Stainless  Steel  Type  316,  18%  Cr,  12%  Ni  ,  3%  Mo  (passive) 


CATHODIC  OR  PROTECTED  END  OF  THE  SERIES 


TABLE  4-2 
ELECTROMOTIVE  FORCE  (EMF)  SERIES 


ELEMENTS 

REFERENCE  ION 

POTENTIAL  IN  VOLTS 

Lithium 

Li  + 

-2.959 

Rubidi  um 

Rb+ 

-2.925 

Potassium 

K+ 

-2.924 

Calcium 

Ca++ 

-2.7 

Sodium 

Na+ 

-2.714 

Magnesium 

Mg++ 

-2.340 

Zinc 

Zn++ 

-0.761 

Chromium 

Cr++ 

-0.71 

Chromium 

Cr+++ 

-0.50 

Iron 

Fp++ 

n  A  A 

Cadmium 

Cd++ 

-0.401 

Nickel 

Ni++ 

-0.23 

Tin 

Sn++ 

-0.13 

Lead 

Pb++ 

-0.12 

Iron 

Fe+++ 

-0.045 

Hydrogen 

H+ 

0.000 

(reference  point) 

Copper 

Cu++ 

+0.344 

Copper 

Cu+ 

+0.522 

Silver 

Ag+ 

+0.797 

Mercury 

Hg++ 

+0.798 

Gold 

Au+++ 

+1.3 

CCF-094 
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a  larger  galvanic  current  than  Ui_  s  having  a  smaller 
difference.  Similarly,  it  would  appear  that  galvanic 
corrosion  damage  should  increase  with  increasing 
conductivity  of  the  environment.  These  statements  are 
basically  true,  but  it  must  be  remembered  that  the  galvanic 
current  generally  decreases  with  time  because  of 
polarization  at  the  anode,  the  cathode,  or  both  electrodes. 

Concentration-cell  corrosion.  Electrochemical  attack  of 
a  metal  or  alloy  because  of  differences  in  the  environment  is 
called  concentration-cell  corrosion.  At  least  five  types  of 
concentration  cells  exist.  Of  these,  the  differential-aeration 
or  oxygen-concentration  cell  is  the  one  generally 
responsible  for  corrosion  of  underground  steel  structures. 
Areas  on  a  pipeline  surface  in  contact  with  electrolyte 
having  a  high  oxygen  content  are  generally  cathodic  to 
those  areas  in  contact  with  electrolyte  having  a  lower 
oxygen  content.  This  is  understandable  because,  in  neutral 
and  alakline  locations,  regions  of  high  oxygen  content  tend 
to  be  preferred  cathodic  sites  where  the  reduction  of  oxygen 
can  occur. 

On  cross-country  underground  pipelines,  concentration- 
cell  corrosion  can  occur  over  relatively  long  distances. 
This  is  caused  by  what  are  often  referred  to  as  long-line 
corrosion  currents.  For  example,  steel  pipe  exposed  to  loam 
generally  will  be  cathodic  to  areas  where  the  pipeline  is  in 
contact  with  clay,  as  shown  in  figure  4-8.  Pipe  buried  under 
a  river  will  be  anodic  to  aerated  soil  adjacent  to  the  stream. 

Localized  soil  differences  can  also  be  involved  in  the 
concentration-cell  corrosion  of  underground  pipelines.  For 
example,  steel  in  contact  with  undisturbed  low-oxygen- 
content  soil  will  generally  be  anodic  to  steel  in  contact  with 
the  aerated  backfill  as  shown  in  figure  4-9.  Corrosion 
damage  to  the  underside  of  the  pipeline  is  accelerated  by  the 
large  cathode-to-anode  area  ratio  that  exists.  In  the  same 


way,  steel  in  contact  with  lumps  of  clay  will  be  anodic  to 
nearby  steel  if  the  major  backfill  material  is  a  sandy  loam. 
Localized  concentration-cell  corrosion  is  believed  to  be  a 
major  cause  of  corrosion  leaks  in  underground  pipelines. 

Concentration-cell  corrosion.  This  is  probably  the  most 
common  cause  of  corrosion  to  the  inside  of  steel  storage 
tanks.  Dirt,  debris,  sludge,  and  other  solids  which  are  on 
the  tank  bottoms  will  cause  localized  anodic  dissolving 
when  water  is  in  the  tank,  as  shown  in  figure  4-10.  Rapid 
concentration-cell  corrosion  occurs  under  the  solids 
because  of  the  large  cathode-to-anode  area  ratio.  This 
causes  large  quantities  of  steel  to  be  converted  into  solid 
corrosion  products  (rust)  and  dissolved  ions.  Dissolved 
metallic  ions  can  contaminate  certain  grades  of  fuel.  Also, 
solid  corrosion  products  can  be  transported  and  deposited 
elsewhere  in  the  system,  where  they  can  cause  additional 
concentration-cell  corrosion  to  occur.  Eventually,  the  tanks 
leak.  This  results  in  loss  of  fuel,  a  safety  hazard,  expensive 
repairs,  temporary  unavailability  of  the  product  being 
stored,  and  leaking  fuel  contaminating  underground  and 
surface  water  supplies. 

Stray-current  corrosion.  In  addition  to  these  * 'normal*' 
forms  of  deterioration,  stray-current  corrosion  (sometimes 
erroneously  referred  to  as  electrolytic  corrosion)  can  also 
occur  on  an  underground  steel  structure.  This  form  of 
corrosion  is  related  to  uncontrolled  direct  currents  flowing 
in  the  earth.  The  currents  flow  onto  the  underground  steel 
structure  at  certain  locations,  causing  no  detrimental  effect. 
Similarly,  the  currents  cause  no  damage  while  they  are 
flowing  along  the  structure.  Eventually,  however,  the 
currents  must  leave  the  structure,  return  to  the  earth,  and 
flow  to  their  source  of  generation.  This  area  where  currents 
leave  the  pipeline  is  where  serious  corrosion  damage 
occurs.   Stray-current  corrosion  and  **normar*  corrosion 
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Figure  4-8.  Long-line  concentration-cell  corrosion. 
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2.  In  what  type  of  corrosion  is  the  anode  the  positive 
electrode? 


3.  The  uniform  anodic  dissolving  of  metal  over  the  entire 
exposed  surface  is  what  kind  of  corrosion? 


4.  What  type  of  corrosion  occurs  if  two  dissimilar  metals 
are  connected  together? 


Figure  4-9.  Localized  concentration-cell  corrosion. 


activities  are  similar  in  that  corrosion  always  occurs  at  the 
anodic  areas.  The  basic  difference  between  the  two  is  that 
an  external  current  causes  stray-current  corrosion,  and  the 
current  is  generated  by  the  corrosion  cell  when  ''normal" 
corrosion  activity  takes  place.  Another  difference  is  that  the 
anode  will  be  the  positive  electrode  when  stray-current 
corrosion  is  involved. 


5.  In  a  copper-to-aluminum  connection,  which  metal  is 
the  anode  and  which  metal  is  the  cathode  in  the 
galvanic  series? 


6.  Where  are  observations  of  potentials  and  galvanic 
behavior  generally  made? 


Exercises  (442): 
1 .  In  what  area  does  corrosion  always  occur? 


7.  What  is  the  potential  of  a  platinized  platinum  electrode 
covered  with  hydrogen  in  its  standard  solution? 


-CORROSIVE  WATER 
(  HIGH-  OXYGEN) 


Figure  4-10.  Concentration-cell  corrosion  under  sludge  or  bottom  of  fuel 
storage  lank. 
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8.  What  is  used  as  the  reference  point  in  the  emf  series? 


9.  Why  does  the  galvanic  current  decrease  with  time? 


10.  What  type  corrosion  occurs  by  electrochemical  attack 
of  a  metal  because  of  differences  in  the  environment? 


11.  In  long-line  corrosion,  which  is  anodic,  steel  pipe 
exposed  to  loam  or  steel  pipe  exposed  to  clay? 


12.  What   is   a   major  cause  of  corrosion    leaks  in 
underground  pipelines? 


4-2.  Cathodic  Protection 

Corrosion  occurs  naturally  throughout  the  world. 
Although  it  can't  be  stopped,  it  can  be  controlled.  In  this 
section  you  will  learn  about  two  methods  commonly  used  to 
control  it. 

443.  Explain  how  corrosion  can  be  reduced  and 
distinguish  between  galvanic  anode  systems  and 
impressed  current  systems. 

Corrosion  is  reduced  (mitigated)  when  the  anodic 
(corrosive)  current  leaving  the  structure  is  reduced.  Thus, 
corrosion  should  cease  when  the  anode  current  reaches 
zero.  Examination  of  the  corrosion  cell  and  application  of 
Ohm's  Law  suggest  that  there  are  two  ways  of  doing  this. 
One  is  to  make  the  circuit  resistance  infinitely  large,  and  the 
other  is  to  reduce  the  potential  difference  between  the 
cathodic  and  anodic  sites  to  a  very  small  value.  Cathodic 
protection  is  the  corrosion  control  technique  that  minimizes 
the  anode  dissolving  by  reducing  the  potential  difference 
between  the  cathodic  and  anodic  sites. 

Basically,  cathodic  protection  is  an  electrical  method  of 
reducing  (mitigating)  corrosion  on  structures  that  are 
exposed  to  electrolytes  such  as  soils  and  waters.  Corrosion 
control  is  achieved  by  forcing  a  proper  amount  of  direct 
current  to  flow  from  auxiliary  anodes,  through  the 
electrolyte,  and  onto  the  structure  to  be  protected.  Thus, 
corrosion  of  a  structure  is  eliminated  when  the  open-circuit 
potentials  of  the  cathodic  sites  are  polarized  to  the  open- 
circuit  potentials  of  the  anodic  sites.  The  entire  structure 
becomes  cathodic  relative  to  the  auxiliary  anodes. 

Methods  of  Cathodic  Protection*  There  are  two  basic 
methods  of  corrosion  control  by  cathodic  protection.  One  is 


the  use  of  current  that  is  produced  when  two 
elcctrochemically-dissimilar  metals/alloys  are  metallically 
connected  and  exposed  to  the  electrolyte.  This  is  commonly 
referred  to  as  the  galvanic  anode  type  of  cathodic  protection 
system.  The  other  technique  is  the  use  of  a  direct  current 
pov/er  source  and  auxiliary  anodes.  This  is  commonly 
referred  to  as  an  impressed  current  type  of  cathodic 
protection  system.  Since  the  power  source  is  almost  always 
a  rectifier  unit,  this  type  of  system  is  sometimes  referred  to 
as  a  rectifier  type  cathodic  protection  system. 

Both  types  of  cathodic  protection  systems  are  used  to 
protect  underground  steel  pipelines  and  storage  tanks.  The 
advantages  and  limitations  of  each  must  be  considered 
before  a  cathodic  protection  system  is  selected,  designed, 
and  installed. 

Galvanic  anode  systems.  The  galvanic  anode  system 
provides  cathodic  current  by  galvanic  corrosion.  The 
current  is  generated  by  metallically  connecting  the  structure 
to  be  protected  (the  cathode)  to  a  metal/alloy  nearer  the 
active  end  of  the  galvanic  series  (the  anode).  Since  the 
anode  is  specifically  chosen  to  corrode  away  in  place  of  the 
protected  structure,  this  system  is  also  known  as  the 
sacrificial  anode  system.  As  in  any  electrochemical  cell, 
both  the  structure  and  the  anode  must  be  in  contact  with  the 
electrolyte  (in  this  case,  the  soil)  and  must  be  connected 
electrically  through  a  metallic  conductor,  as  shown  in 
figure  4-11.  Occasionally,  circumstances  require  the 
limiting  of  current  flow  to  the  protected  structure,  as  in  the 
case  of  aluminum.  Where  this  occurs,  place  a  resistor  wire 
made  of  nichrome  in  the  circuit  between  the  anode  lead  and 
structure  lead.  Also,  resistance  may  be  used  to  extend  the 
life  of  the  anodes,  by  limiting  the  current,  while  achieving 
adequate  protection.  The  basic  components  of  a  single, 
galvanic  anode  installation,  as  shown  in  figure  4-12,  are: 
the  structure  to  be  protected,  the  anode  (with  or  without  a 
special  backfill),  and  an  insulated  lead  wire  connecting  the 
structure  to  the  anode. 

The  galvanic  anode  system  has  certain  advantages  and 
limitations  as  outlined  in  table  4-3.  Basically,  a  galvanic 
anode  system  is  used  where  small  amounts  of  current  are 
needed  and  where  the  electrolyte  resistivity  is  sufficiently 
low  that  the  current  required  can  be  obtained  with  a 
reasonable  number  of  anodes.  Galvanic  anodes  are  also 
used  to  supplement  impressed  current  systems  and  to 
correct  certain  stray-current  corrosion  conditions. 

The  anode  system  requires  very  little  maintenance 
because  it  has  no  power  source  and  requires  no  regulation. 
Anodes  for  the  galvanic  anode  system  may  be  magnesium, 
zinc,  or  aluminum  alloy.  In  practice,  however,  only  high- 
purity  zinc  and  alloys  of  magnesium  are  used  for  protection 
of  steel  in  soils  and  fresh  waters.  Aluminum  alloys  are  not 
used  in  these  locations  because  the  surface  film  that  forms 
on  the  anode  tends  to  reduce  the  current  output.  Aluminum 
alloys  are  used  to  protect  steel  in  sea  water  and  other  salty 
locations.  Anode  life  varies  from  5  to  30  years,  depending 
upon  the  type  of  anode  used.  It  is  conservative  to  figure  that 
about  17  pounds  of  magnesium  or  26  pounds  of  zinc  are 
wasted  away  by  electrolysis  from  an  anode  per  ampere 
year.  Commercially  available  aluminum  anodes  are  not 
over  75  percent  efficient  and  are  consumed  at  a  rate  of  9 
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Figure  4-11.  Comparison  between  galvanic  cell  and  galvanic  anode  systems. 
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Figure  4-12.  Sacrificial  anode  type  cathodic  protection. 


pounds  per  ampere  year.  This  high  consumption  rate  is 
undesirable;  therefore,  magnesium  and  zinc  are  used  most 
often. 

Magnesium  anodes  are  obtained  in  either  the  standard 
alloy  or  a  special  high  manganese  alloy.  Although  the  rates 
of  metal  loss  are  similar  for  both  materials,  the  standard 
alloy  anode  produces  a  voltage  of  about  0.70  volt  with  a 
buried  iron  or  steel  cathode  while  the  high  manganese  alloy 
anode  will  produce  a  voltage  of  about  0.90  volt  with  the 
same  athode.  This  means  that  an  anode  of  one  alloy  cannot 
be  used  as  a  direct  replacement  for  an  anode  of  the  other 
alloy,  unless  an  adjustment  is  made  in  the  external  circuit 
resistance. 

Replacing  a  standard  anode  with  a  high  manganese  anode 
raises  the  galvanic  cell  potential  by  about  28  percent  and 
according  to  Ohm's  law,  the  current  flow  changes  in  the 
same  proportion.  Since  the  rate  of  metal  loss  varies  directly 
with  the  current  flow,  the  anode  life  is  reduced  by  28 
percent. 

The  same  principles  apply  when  you  replace  a  high 
manganese  anode  with  a  standard  anode.  Bc'cause  the 
voltage  is  lower  by  28  percent,  the  life  of  the  anode  is 
increased  28  percent.  However,  in  this  case  the  amount  of 
electrical  protection  is  reduced  becaus«5  (again  per  Ohm's 
law)  the  lower  voltage  reduces  the  current  proportionately. 

Zinc  anodes  were  the  earliest  sacrificial  anodes  used  in 
cathodic  protection  systems,  and  they  are  still  in 
widespread  use  today.  These  anodes  are  available  in  various 


shapes  and  sizes  and  m  two  alloys,  one  for  soil  and  fresh 
water  electrolytes,  and  one  for  a  sea  water  electrolyte. 

The  practical  electrochemical  equivalent  of  zinc  is  about 
26  pounds  per  ampere  year.  Current  density  considerations 
usually  require  that  zinc  anodes  be  relatively  long  and 
slender  so  that  they  will  extend  through  varying  layers  in 
soil  electrolytes.  Although  the  overall  rate  of  metal  loss  is 
fairly  constant,  these  electrolytic  variations  cause  uneven 
deterioration  of  the  anode  and  sometimes  anode  failure. 
Standard  anodes  have  iron  cores  to  provide  electrical 
continuity  even  if  part  of  the  anode  is  completely  eaten 
away  and  the  metal  loss  can  be  made  somewhat  more 
uniform  by  chemical  backfill  used  around  each  anode. 
Backfill  around  zinc  anodes  must  be  hand  placed  because 
prepackaged  units  are  not  available  for  zinc. 

Impressed  current  systems.  An  impressed  current  system 
provides  cathodic  current  from  an  external  power  source.  A 
DC  power  source  forces  current  to  discharge  from 
expendable  anodes ,  to  the  electrolyte ,  and  onto  the 
structure  to  be  protected.  Although  the  current  is  not 
generated  by  the  corrosion  of  a  sacrificial  metal/alloy,  the 
energized  materials  used  for  the  auxiliary  anodes  do 
corrode.  As  in  any  electrolytic  -U,  both  the  structure  and 
the  anode  must  be  in  contact  /.uh  the  electrolyte  (in  this 
case,  the  soil)  and  must  be  connected  electrically  through 
an  insulated  wire  circuit,  as  shown  in  figure  4-13. 

The  basic  components  of  an  impressed  current  system,  as 
shown  in  figure  4-14,  are  the  structure  to  be  protected,  a  DC 
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TABLE  4—3 
ADVANTAGES/LIMITATIONS  OF  SACRIRCIAL 
ANODE  SYSTEMS 


ADVANTAGES 

.    No  External  Power  Required 

No  Regulation  Required 
.    Easy  to  Install 
.    Minimum  of  Cathodic  Interference 
.    Anodes  Can  be  Readily  Added 
.    Minimum  of  Maintenance 
.    Uniform  Distribution  of  Current 

Installation  Can  be  Inexpensive* 
.    Minimum  Right-of-Way/Easement  Costs 
-    Efficient  Use  of  Protective  Current 


LIMITATIONS 

.    Limited  Driving  Potential 

.    Lower/Limited  Current  Output 

Installation  Can  be  Expensive** 

.    Poorly-Coated  Structures  Require  Many  Anodes 

•    Can  be  Ineffective  in  High-Resistivity 
Environments 

CCF-090 

*Installation  of  anodes  at  time  of  construction. 
**Insta11ation  of  anodes  after  construction. 


557 

105 


DC  SOURCE 


Figure  4-! 3.  Impres3cd  current  protection  systems. 
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Figure  4-14.  Impressed  current  installation  for  an  underground  steel  pipeline. 


power  source,  a  group  of  auxiliary  anodes  (groundbed,  or 
anode  bed)  with  or  without  a  carbonaceous  backfill,  and 
insulated  lead  wires  connecting  the  stru':ture  to  be  protected 
to  the  negative  terminal  and  the  groundbed  to  the  positive 
terminal  of  the  power  source . 

The  DC  power  source  is  usually  a  rectifier  unit.  Direct 
current  can  also  be  obtained  using  engine-driven 
generators,  batteries,  wind-powered  generators, 
thermoelectric  generators,  solar  cells,  and  fuel  cells.  The 
major  components  of  a  cathodic  protection  rectifier  include 
a  circuit  breaker  to  protect  the  system  components,  a  step- 
down  transformer  to  reduce  the  AC  voltage,  coarse  and  fine 
tap  adjustments,  the  rectifier  stack  to  convert  AC  to  DC, 
and  instruments  to  measure  the  DC  voltage  and  current 
output.  See  figure  4-15  for  a  schematic  of  the  basic 
components.  You  will  notice  that  the  two  main  electrical 
components  in  this  system  are  the  transformer  and  the 
rectifier.  The  transformer  steps  down  line  voltage  to  a  value 
of  12  to  40  volts,  while  the  rectifier  changes  alternating 
current  to  direct  current.  The  amount  of  current  flow  can  be 
controlled  by  changing  the  taps  on  the  secondary  side  of  the 
transformer.  The  rectifier  stack  can  be  either  silicon  or 
selenium.  Although  silicon  stacks  do  not  age  as  rapidly  as 
selenium,  they  are  susceptible  to  failure  by  voltage/current 
overload.  Selenium  stack  rectifiers  are  widely  used  for 
cathodic  protection  systems,  probably  because  they  are  less 


susceptible  to  this  transient  voltage/current  overload.  For 
large  cathodic  protection  current  requirements,  however, 
silicon  stacks  are  often  specified  because  of  their  higher  AC 
to  DC  conversion  efficiencies. 

The  impressed  current  type  of  cathodic  protection  system 
has  certain  advantages  and  limitations.  These  are  listed  in 
table  4-4.  The  impressed  current  system  is  the  most 
practical  when  extensive  installations  must  be  protected, 
the  current  requirements  are  large,  and  the  average  soil 
resistivity  is  high.  A  unique  advantage  of  the  impressed 
current  system  is  the  ability  to  protect  a  large  surfac*^  area 
with  a  single  groundbed/rectifier  installation.  Furthermore, 
since  the  voltage  and  current  output  can  be  adjusted,  he 
system  has  operational  flexibility.  This  system,  however, 
must  be  carefully  designed  and  installed.  Otherwise,  stray- 
current  corrosion  of  other  structures  in  the  area  can  be  a 
problem . 

Types  of  Impressed  Current  Anodes.  The  anodes  of  an 
impressed  current  system  provide  the  means  for  the 
protective  current  to  enter  the  electrolyte.  Since  the  anodes 
form  the  corroding  part  of  the  system,  the  best  material  is 
usually  one  which  has  a  low  rate  of  weight  loss  per 
ampere-year.  The  most  commonly  used  material  for 
impressed  current  anodes  are  graphite  and  high  silicon  cast 
iron.  Aluminum  is  sometimes  used  in  water  storage  tanks 
where  it  is  convenient  to  install,  has  a  low  first  cost,  and  ice 
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Figure  4-1 5 .  Schematic  view  of  an  impressed  current  system  showing  the 
basic  components  of  the  rectifier. 


damage  is  likely.  In  areas  where  heav}  icing  is  not  a 
problem,  high  silicon  cast-iron  anodes  should  be  used  in 
lieu  of  aluminum  for  lower  long-term  cost.  Platinum-coated 
titanium  or  niobium  anodes  are  being  used  more  as 
impressed  current  anode  material.  Scrap  iron  and  steel  can 
also  be  used  for  anodes  in  this  system.  Consumption  rates 
for  platinum-co'ited  titanium  and  niobium,  high  silicon  cast 
iron,  graphite,  aluminum,  and  steel/iron  are,  respectively 
0.00001  (in  sea  water),  less  than  1,2,4,  3,  9,  and  20  to  22 
pounds  per  ampere  year.  Iron  and  steel  are  being  used 
progressively  less  for  auxiliary  anodes  because  of  the  high 
consumption  rates  and  the  desire  of  pipeline  operators  to 
have  long-life  expectancy  groundbeds. 


Graphite  anodes.  Graphite  anodes  usually  have  the 
shape  of  a  simple  cylinder.  One  popular  size  of  anode  i?v  3 
inches  in  diameter  and  60  inches  long.  Anodes  are 
furnished  with  a  No.  8,  7-strand,  high  molecular  weight 
polyethylene  (HMPE)  insulated  lead  wire.  It  is  important 
that  the  lead  wire-to-anode  connection  is  properly  sealed. 
Many  graphite-anode  groundbeds  have  failed  because  this 
factor  was  neglected.  The  inherent  brittleness  of  graphite 
also  requires  that  the  anodes  be  handled  with  care. 

High  silicon  cast  irpn  anodes,  A  wide  variety  of  high 
silicon  cast  iron  anocle  shapes  and  configurations  are 
available.  For  the  protection  of  underground  steel 
structures,  anodes  having  the  shape  of  a  simple  cylinder  are 
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TABLE  4-4 
ADVANTAGES/LIMITATONS  OF  IMPRESSED 
CURRENT  SYSTEMS 


ADVANTAGES 

.    Can  be  Designed  for  Wide  Range  of  Voltage  and 
Current 

.    High  Ampere  Year  Output  Available  from  Single 
Groundbed 

.    Large  Areas  Can  be  Protected  by  Single  Installation 

.    Variable  Voltage  and  Current  Output 

.    Applicable:  in  High-Resistivity  Environments 

.    Effective  in  Protecting  Uncoated  and  Poorly-Coated 
Structures 

LIMITATIONS 

.  Can  Cause  Cathodic  Interference  Problems 

.  Subject  to  Power  Failure  and  Vandalism 

.  Requires  Periodic  Inspection  and  Maintenance 

.  Requires  External  Power 

.  Monthly  Power  Costs 

.  Overprotection  Can  Cause  Coating  Damage 

  CCF-091 


used.  One  end  of  the  anode  is  usually  enlarged  in  order  to 
provide  a  reliable  attachment  of  the  lead  wire.  Popular 
anode  sizes  are  1.5  to  3-inches  in  diameter  and  60  inches 
long.  Anodes  are  usually  furnished  with  a  No.  8,  7-strand, 
HMPE  insulated  lead  wire.  The  anode- to-lead  wire 
connection  must  be  properly  sealed.  The  moisture  seal 
should  include  epoxy-resin  encapsulation.  It  should  also  be 
noted  that  high  silicon  cast  iron  is  somewhat  brittle.  The 
anodes  should  be  handled  with  care. 

Aluminum  anodes.  Aluminum,  when  used  as  an 
impressed  current  anode,  is  usually  in  the  form  of  a  rod 
1/2-inch  to  3-inches  in  diameter.  Aluminum  anodes  are 
generally  used  only  where  a  1-year  or  so  life  is  required 
(icing  conditions  in  unheated  tanks,  etc).  In  addition, 
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alloying  is  extremely  critical,  making  this  material 
impractical  for  most  applications. 

Platinum  wire  anodes.  Platinum  wire  is  sometimes  used 
as  an  anode,  generally  to  protect  internal  surfaces  where 
space  is  limited  (internal  surfaces  of  pumps,  pipelines, 
wells,  etc.).  Platinum  is  essentially  insoluble.  However, 
this  metal  is  fragile  and  prohibitively  expensive,  and  is  used 
mainly  as  a  thin  coating  over  other  noble  metals. 

Platinitized  titanium  anodes,  Plantinitized  titanium 
(tantalum,  niobium)  anodes  are  also  available.  Titanium  is 
a  highly  reactive  metal  which  forms  an  adherent,  inert 
oxide  film  in  most  corroding  media.  Very  little  current  will 
leave  this  surface,  once  the  oxide  has  formed,  because  the 
oxide  has  high  electrical  resistance.  This  eliminates  the  use 


EKLC 


of  titanium  itself  as  an  anode.  However,  if  a  thin  layer  of 
platinum  is  plated  onto  titanium  (platinized  titanium), 
current  flows  from  the  titanium  through  the  platinum  into 
the  electrolyte.  Platinized  titanium  anodes  are  easily 
fabricated  and  operate  at  high  curreni  densities.  Only  a  very 
small  platinized  area  is,  therefore,  required  for  most 
applications.  Fully  platinized  and  partially  platinized 
anodes  are  both  manufactured.  The  partially  platinized 
anodes  allow  current  flow  only  from  platinized  areas.  These 
anodes  are  stronger  and  less  expensive  than  solid  platinum. 
Anodes  that  are  fully  platinized  can  withstand  extremely 
high  voltages.  However,  those  which  are  only  partially 
platinized  are  subject  to  voltage  limitation  (breakdown 
voltage).  The  breakdown  voltage  is  that  at  which  titanium 
oxide  decomposes.  This  value  varies  from  8.5  to  14  volts 
anode-to-electrolyte  voltage,  depending  on  electrolyte,  film 
thickness,  surface  roughness,  and  salinity  of  water.  A 
system  voltage  of  12  volts  is  generally  permissible. 

Installing  Anodes.  The  wiring  used  to  make 
connections  between  the  anodes  and  the  structures  to  be 
protected  must  be  resistant  to  the  electrolytic  action  of  the 
soil.  Bury  the  wire  to  a  depth  of  2  feet  or  deep  enough  to 
avoid  damage  by  cultivation  or  erosion.  Install  plastic 
warning  tape  in  the  ditch  above  the  lead  wires.  Locate  the 
warning  tape  six  to  eight  inches  below  the  surface.  The 
warning  tape  replaces  the  wooden  board  as  a  protective 
warning  for  direct  buried  lead  wires. 

Connect  anodes  in  the  groundbed  to  the  positive  terminal 
of  the  rectifier  with  an  adequately  sized  HMPE-insulated 
header  cable  for  impressed  current  system.  Securely  attach 
the  anode  lead  wires  to  the  header  cable.  Split-bolt 
connectors  are  commonly  used  to  obtain  permanent,  low- 
resistance  connections.  All  splices/connections  to  the  anode 
header  cable  must  be  perfectly  sealed  to  prevent  moisture 
penetration  and  subsequent  loss  of  the  groundbed.  This  is 
best  achieved  using  commercially  available  splice  kits  in 
which  impermeable  seals  are  obtained  by  casting  a  two- 
package  epoxy  resin  around  the  electrical  connection. 

Tlie  HMPE-insulated  cable  used  to  connect  the  negative 
terminal  of  the  rectifier  to  the  underground  steel  structure 
must  also  be  adequately  sized.  This  cable  should  be 
thermite  welded  to  the  structure.  The  thermite  weld  area 
should  be  properly  coated  if  the  underground  structure  is 
coated. 

Backfill.  When  an  impressed  current  system  is  used  to 
reduce  corrosion  on  an  underground  steel  structure,  the 
auxiliary  anodes  are  often  surrounded  by  a  carbonaceous 
backfill.  Backfill  materials  commonly  used  include  coal 
coke  breeze,  calcined  petroleum  coke  breeze,  and  natural 
graphite  particles.  This  backfill  performs  the  following 
important  functions: 

a.  Lowers  anode-to-soil  resistance. 

b.  Eliminates  gas  blocking — maintains  uniform  low 
resistance. 

c.  Permits  use  of  higher  currents. 

d.  Eliminates  high-drain  points  and  resulting  selective 
attack  on  anodes. 

e.  Greatly  extends  life  of  groundbeds. 

The  carbonaceous  backfill,  however,  cannot  be  expected  to 
increase  the  groundbed  life  expectancy  unless  it  is  well 
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compacted  around  the  anodes.  You  can  install  backfill  in 
three  ways:  in  dry  form,  as  a  slurry,  or  as  part  of  a 
prepackaged  unit  in  which  the  anode  is  completely 
surrounded  by  the  backfill  material.  Impressed  current 
anodes  are  also  available  packaged  in  metal  stovepipelike 
cans,  h\xt  are  not  recommended  for  Air  Force  use  except  in 
swampy  or  hard-to-install  areas,  because  of  higher  cost  and 
the  fact  that  the  lead-to-anode  connection  or  the  anode  itself 
cannot  be  inspected  for  breaks.  Backfill  should  extend  at 
least  12  inches  from  each  end  of  the  anode  and  should 
surround  the  anode  to  a  thickness  of  at  least  3  to  4  inches. 

For  underground  applications  in  galvanic  anode  systems, 
both  high-purity  zinc  and  magnesium-alloy  enodes  are 
normally  surrounded/packaged  with  a  special  backfill  to 
provide  a  uniform  environment  around  the  anode.  This 
backfill  has  the  following  advantages: 

a.  Allows  uniform  deterioration  of  the  anode  material. 

b.  Provides  a  low  resistance  path  to  earth. 

c.  Allows  greater  current  flows. 

d.  Reduces  gas-film  formation  on  the  anode  surface. 

e.  Extends  anode  life. 

Several  materials  are  used  for  backfill,  depending  on  the 
particular  situation.  Backfill  for  zinc  or  magnesium  anodes 
is  usually  a  gypsum-bentonite  mixture.  In  low  resistivity 
soils,  a  50-50  mix  can  be  used.  In  higher  resistivity  soils, 
the  standard  proportions  are  75  percent  gypsum  and  20 
percent  bentonite  with  5  percent  sodium  sulfate  added. 
Gypsum  molding  plaster  has  been  used  to  make  a  precast 
package  with  the  anode  in  the  center  of  a  molded  unit. 

Exercises  (443): 

1.  How  can  corrosion  be  reduced?  What  is  this  process 
called? 


2.  What  type  current  is  used  in  cathodic  protection? 


3.  Identify  the  statements  below  as  pertaining  to  galvanic 
anode  (GA)  systems  or  to  impressed  current  (IC) 
systems  by  placing  the  appropriate  initials  in  the  space 
provided.  Statements  may  apply  to  one  or  to  both. 

 a.    Two  dissimilar  metals  connected  together 

by  a  conductor  and  exposed  to  an 
electrolyte. 

 b.    A    direct    current    power    source  and 

auxiliary  anodes  are  used. 
 c.    The  cathode  and  the  anode  must  be  in 

contact  with  the  electrolyte. 
 d.    To  limit  the  current,  place  nichrome  wire 

in  the  circuit  between  the  anode  and  the 

cathode. 

 e.    Voltage  and  current  output  can  be  varied. 

 f.    The  basic  components  are  the  structure, 

anode,  and  an  insulated  lead  wire. 

no 
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— g.  The  basic  components  are  the  structure,  a 
DC  power  source,  anodes,  and  insulated 
lead  wires. 

— .h.  Used  where  small  amounts  of  current  are 
needed. 

—  i.    Has  a  wider  range  of  voltage  and  current. 
— j.    Anodes  of  magnesium,  zinc,  or  aluminum 

alloy  are  used. 
-_k.    Graphite  and  high  silicon  cast  iron  are  the 
most  common  anodes. 

—  1.    Aluminum  alloys  are  used  to  protect  steel 

in  sea  water, 
m.    Change    the   external    resistance  when 
replacing  one  type  anode  with  another 
type. 

—  n.    Wire  should  be  buried  2  feet  deep. 

—  o.    Plastic  warning  tape  is  placed  above  the 

lead  wires. 

_p.  Test  stations  are  provided  to  determine  the 
system's  effectiveness. 

—  q.    Requires  less  maintenance  of  the  two. 

—  r.    Protects  a  greater  area. 

— .s.  To  protect  internal  surfaces  of  pumps,  a 
platinum  wire  is  used. 

—  t.    The  lead  wire  is  attached  to  the  structure 

by  thermite  weld, 
-u.    Backfill  is  used  to  extend  the  life  of 
groundbeds. 

— v.  Backfill  should  surround  the  anodes  by  at 
least  3  to  4  inches. 


4-3.  inspection  and  Maintenance 

The  ability  of  cathodic  protection  equipment  to  perform 
its  functions,  or  to  continue  to  perform  its  function  for  its 
normal  life  cycle,  must  be  determined  if  to  operate 
dependably  and  economically.  A  continuous  inspection 
program  of  testing,  measuring,  and  analyzing  must  be  used 
to  obtain  this  objective.  Properly  maintained  equipment 
will  increase  the  lifespan  of  a  cathodic  protection  system. 
This  section  describes  the  methods  and  procedures  used  to 
inspect  and  maintain  cathodic  protection  systems. 

444.  State  the  maintenance  requirements  for  cathodic 
protection  systems. 

Maintenance.  The  impressed  current  system  requires 
considerably  more  maintenance  than  the  galvanic  anode 
system,  because  a  direct  current  operates  the  system.  By  far 
the  most  widely  used  and  cheapest  source  of  DC  is  from  the 
transformer-rectifier  set.  When  alternating  current  from  a 
commercial  source  is  not  available,  then  batteries,  engine- 
driven  generator  sets,  and  wind-driven  generators  must  be 
used. 

Equipment  in  the  system.  You  must  maintain  all 
electrical  equipment  in  compliance  with  the  written 
instructions  of  the  manufacturer  and  with  standard 
operating  procedures  adopted  by  your  base.  All  electrical 
v/otk  should  be  done  with  the  rectifier  safety  switch  in  the 
off  position. 


Equipment,  such  as  switches,  rectifiers,  and  test  stations, 
should  be  protectc  '  from  the  elements  by  metal  inclosures 
which  should  be  kept  painted.  Identification  of  the 
equipment  is  important  for  maintenance  and  record 
purposes.  Maintain  the  rectifier  to  permit  free  air 
circulation  around  it  for  cooling.  Keep  air-cooled  rectifiers 
free  of  dust,  brush,  and  grass.  The  units  should  be  inclosed 
to  prevent  the  nesting  of  birds.  Also,  since  these  rectifiers 
give  off  somie  heat,  they  may  attract  snakes  in  isolated 
areas;  therefore,  be  careful  when  you  are  making 
inspections  or  repairs.  Keep  oil  rectifiers  filled  to  the  proper 
level  and  change  the  oil  when  it  becomes  cloudy.  Make  the 
wire  connections  above  the  oil  level  to  prevent  **wicking'* 
the  oil  from  the  unit. 

Check  the  insulation  on  existing  current-carr>ing  lines 
and,  if  deterioration  is  evident,  replace  the  wires.  Also 
check  any  overhead  lines  to  see  that  they  are  securely 
fastened  to  the  poles  and  that  all  connections  are  tight. 
Buried  cables  should  be  identified  and  marked  on  the  utility 
plans  to  prevent  accidental  severing  or  damage. 

Pitting  of  structures.  Pit  depth  measurements  are 
important  in  corrosion  testing.  If  the  corrosion  is  active  in 
the  pits,  as  determined  by  visual  inspection,  an 
approximation  of  the  rate  of  penetration  per  year  can  be 
obtained.  Corrosion  does  not  usually  proceed  at  a  uniform 
rate;  its  rate  either  increases  or  decreases  with  time. 
Consequently,  penetration  rates  obtained  by  spot  checks  arc 
not  always  reliable  when  they  arc  projected  on  a  straight 
line  basis.  If  the  pits  are  heavily  covered  with  a  tight  rust 
scale  and  are  dry  beneath  the  scale,  this  condition  usually 
indicates  that  the  pits  have  oecome  sealed  off  and  the 
corrosion  has  stopped  or  slowed  down.  If,  however,  the  pits 
arc  covered  with  moist  tubercles,  or  are  wet  and  show 
bright  metal  when  brushed  out,  this  condition  means  that 
corrosion  is  activt  Make  your  examination  soon  after 
excavation,  because  exposure  to  the  air  can  dry  out  the  pits 
and  make  them  appear  inactive,  particularly  if  black  iron 
oxide  is  allowed  to  change  to  a  red  iron  oxide  by  increased 
oxygen. 

About  every  2  years,  the  structure  should  be  checked  for 
depth  of  pitting,  and  accurate  records  should  be  kept  on 
these  pits.  Before  you  measure  the  depth  of  pitting  on  a 
structure,  clean  the  surface  of  rust  and  scale.  Usually,  four 
pits  arc  selected  for  measuring  with  a  depth  gage.  The 
average  of  these  pits  will  be  the  average  penetration.  This 
information  should  be  recorded  so  that  the  amount  of 
penetration  per  year  over  a  period  of  years  can  be 
calculated. 

Protective  cositing.  Protective  coating  prevents 
corrosion  by  physically  separating  a  metal  structure  from 
the  electrolyte  or  corrosive  environment.  In  this  respect, 
protective  coating  directly  influences  the  need  for,  and 
effectiveness  of,  cathodic  protection  systems.  In  theory,  if  a 
structure  could  be  completely  covered  with  an  electrically 
insulating  coating,  there  would  be  no  current  flow  between 
the  structure  and  the  electrolyte,  and  no  corrosion  would 
occur.  In  practice,  such  an  ideal  situation  is  impossible  to 
achieve,  but  it  is  possible  to  provide  a  great  degree  of 
corrosion  protection  througn  the  use  of  a  protective  coating. 

Coated  structures  fall  into  two  broad  classifications, 
buried  stiuctures  (usually  pipes)  and  immersed  structures 
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(such  as  tank  interiors,  condenser  pans,  etc).  Buried 
structures  are  usually  covered  with  a  built-up  type  of 
'boating  made  by  impregnating  a  wrapper  material.  A 
common  example  is  a  fiberglass  pipe  wrapper  impregnated 
with  bituminous  binder.  This  type  of  coating  is  resistant  to 
both  moisture  and  physical  damage.  Immersed  structures 
are  usually  painted.  Many  different  types  of  pain^  are  now 
available,  including  those  with  bituminous,  rubber,  epoxy» 
and  vinyl  bases. 

It  is  apparent  that  a  good  continuous  and  unbroken 
coating  reduces  overall  corrosion.  What  is  not  so  apparent, 
but  is  still  true,  is  that  when  coatings  are  damaged, 
corrosion  accelerates  at  the  bare  spots.  The  rate  of  corrosion 
depends  on  the  current  density  over  the  surface  of  the  metal. 
The  electric  current  will  concentrate  at  small  areas  of  bare 
metal  and  cause  pitting,  which  in  turn  can  cause  early 
failure  of  the  structure. 

Coatings  also  age,  becoming  less  effective  as  electrical 
insulators  as  tliey  become  older.  As  the  coating  loses  its 
insulating  properties,  it  allows  current  to  flow  out  of  the 
surface  of  the  structure  and  corrosion  takes  place  under  the 
coating  film.  For  this  reason,  as  the  coating  gets  older,  the 
amount  of  current  required  to  provide  adequate  protection 
becomes  greater.  It  is  important  that  a  coating  be  carefully 
applied,  be  as  continuous  as  possible,  and  th»*  any  breaks  in 
it  be  carefully  repaired  before  the  structure  is  placed  in 
service.  During  the  life  of  the  structure,  any  breaks  in  its 
protective  coating  should  be  repaired. 

Exercises  (444): 

1.  How  should  air-cooled  rectifiers  be  maintained  to 
permit  free  air  circulation? 


2.  Why  should  rectifier  units  be  inclosed? 


3.  When  should  the  oil  in  oiUfilled  rectifiers  be  changed? 


4.  What  do  heavily  covered  pits  with  a  tight  rust  scale  and 
dry  beneath  the  scale  indicate? 


S.  Wliat  do  pits  covered  widi  moist  tubercles  or  are  wet 
and  show  bright  metal  when  brushed  out  indicate? 


6.  How  does  protective  coating  aid  in  corrosion  control? 


7.  Where  might  the  corrosion  process  be  accelerated  and 
for  what  reason  on  coated  surfaces? 


445.  Specify  the  requirements  for  cathodic  protection 
records  and  associate  the  correct  AF  Form  to  given 
information. 

Equipment  Maintenance  Program  Records,  liie 
success  and  effectiveness  of  a  cathodic  protection  program 
depend  on  periodic  servicing  of  installed  systems. 
Corrosion  control  by  cathodic  protection  can  be  highly 
effective  when  maintained  adequately.  The  operation  of 
cathodic  protection  systems  requires  that  certain  records  be 
kept  and  reports  made.  These  records,  when  taken  together, 
provide  a  history  of  the  cathodic  protection  system  telling 
what  was  installed,  when  it  was  installed,  where  it  was 
installed,  and  what  care  has  been  given  the  system,  and 
whether  or  not  the  system  is  doing  its  job. 

Develop  and  maintain  maintenance  action  sheets  and 
equipment  maintenance  records  in  accordance  with  AFR 
85-1,  Resources  and  Work  Force  Management,  The 
maintenance  action  sheet  allows  time  to  perform  the  testing 
required  on  AF  Forms  491  and  1686  for  all  installed 
cathodic  protection  systems.  Maintain  the  various  cathodic 
protection  forms  in  the  facility  jacket  folder  for  the  cathodic 
protection  system,  category  code  890-269.  Establish  a 
collection  work  order  number  (cost  account  code  580-86 
for  base  and  X7S00  for  housing)  to  include  the  following: 

•  Annual  Performance  Survey. 

•  Monthly  Rectifier  Checks. 

•  Annual  Sacrificial  Anode  Checks. 

•  Maintenance  of  Rectifiers. . 

•  Maintenance  of  Groundbeds. 

•  Maintenanceof  Sacrificial  Anodes. 

•  Maintenance  of  Dielectric  Fittings. 

•  Maintenance   of  Cathodic   Protection   for  Water 
Heaters. 

•  Inspection  of  Leaks. 

Establish  a  separate  collection  work  order  number  (cost 
account  code  13030)  for  the  time  expended  by  the 
engineer-manager. 

Comprehensive  master  plan.  TAB  G-8  of  the  master 
plan,  Cathodic  Protection  System,  must  show  all  installed 
rectifiers,  groundbeds,  and  magnesium  anodes.  Reflect  all 
changes  in  system  design  on  TAB  G-8.  The  corrosion 
engineer  is  responsible  for  updating  this  master  plan  as 
required.  The  corrosion  engineer,  also,  must  maintain  a 
cathodic  protection  program  record.  The  record  must  be  in 
a  tabulated  form  and  must  include  the  installed  and 
proposed  installation  of  cathodic  protection  systems.  List 
an  accurate  description  of  all  facilities  protected  under  each 
project.  If  only  a  portion  of  a  particular  system  is  protected, 
list  the  percentage  that  is  applicable.  The  ''utility  system 
protected'*  description  must  be  in  detail,  including  rectifier 
size  and  number  of  anodes. 

Technical  records.  The  corrosion  engineer  at  each 
installation  must  maintain  a  Hie  of  technical  records  on  each 
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installed  cathodic  protcclion  system.  These  technical 
records  must  include,  but  not  be  limited  to,  such  items  as 
ihc  Cathodic  Protection  Annual  Performance  Booklet, 
manufacturer's  data  on  installed  equipment,  operating 
instructions,  lists  of  repair  parts,  names  and  addresses  of 
sources  of  narts  and  service,  current  price  lists,  repair  and 
maintenance  instructions,  construction  specifications,  and 
shop  drawings.  Other  items  included  are  as-built  drawings 
showing  the  location  and  extent  of  each  cathodic  protection 
system,  any  modification  made  during  the  life  of  the 
system,  and  the  exact  location  of  each  rectifier,  anode  bed, 
and  test  station.  Also,  all  underground  utilities  must  be 
shown  on  a  base  layout  mat  (such  as  in  TAB  G~8  of  the 
comprehensive  master  plan)  and  installed  in  the  office  of 
the  corrosion  engineer  to  delineate  systems  receiving 
cathodic  protection.  Mount  the  map  or  maps  over  a  fibrous 
board  or  boards.  Place  a  colored  head  pin  at  each  point 
where  a  leak  or  failure  is  attributed  to  corrosion.  Leave  the 
pins  in  place  for  at  least  5  years;  use  a  different  colored  pin 
for  each  calendar  year: 

(1)  If  several  leaks  occur  on  the  same  system  during  a 
year  in  approximately  the  same  location,  use  the  same 
colored  pin;  however,  note  on  the  map  the  dates  the  leaks 
occurred. 

(2)  At  the  end  of  5  years,  it  will  be  necessary  to  review 
and  update  these  base  maps.  Maintain  a  file  of  old  maps. 

(3)  Transfer  the  old  map  data  to  the  new  map  so  that  a 
continuous  history  cai.  be  maintained.  Delete  the  markings 
that  are  over  5  yeai*s  old,  if  the  map  is  crowded. 

AF  Form  491,  Cathodic  Protection  Operating  Log  for 
Impressed  Current  System.  This  log  must  be  kept  on  a 
monthly  basis.  The  cathodic  protection  technician  must 
make  his  entries  in  columns  lOA  through  M  every  calendar 
month  and  verify  that  information  recorded  in  block 
numbers  1  through  9  is  correct.  Every  month  submit  the  log 
to  the  corrosion  engineer  for  evaluation.  This  monthly  log 
includes  the  readings  of  four  check,  or  test,  points,  the 
location  of  which  must  be  given  on  AF  Form  49 L  These 
test  points  must  be  selected  each  year  from  the  annual 
performance  survey.  Some  of  the  test  points  will  remain 
the  same  from  year  to  year,  while  others  may  change  each 
year.  Use  AFM  85-5,  Maintenance  and  Operation  of 
Cathodic  Protection  Systems,  for  monthly  readings  on 
water  storage  tanks.  Complete  AF  Form  491  in  duplicate 
and  maintain  one  copy  in  the  cathodic  protection  facility 
jacket  folder  and  the  other  copy  in  the  Cathodic  Protection 
Annual  Performance  Booklet.  AFM  85-5  contains 
instructions  for  completing  AF  Form  491 . 

AF  Form  1686,  Cathodic  Protection  Operating  Log  for 
Sacrificial  Anode  System.  This  log  is  kept  on  a  semiannual 
basis  and  entries  in  the  log  are  made  by  the  cathodic 
protection  technician  in  columns  7A  through  H,  making 
sure  that  all  the  basic  information  in  blocks  1  through  6  is 
correct.  Submit  this  log  to  the  corrosion  engineer  for 
evaluation.  Approximately  10  percent  of  all  sacrificial 
anodes  in  a  system  must  have  test  stations.  Monitor  each  of 
these  test  stations  using  a  separate  log.  Complete  this  log  in 
duplicate,  maintaining  one  copy  in  the  cathodic  protection 
facility  jacket  folder  and  the  other  copy  in  the  Cathodic 
Protection  Annual  Performance  Booklet.  AFM  85-5 
contains  instructions  for  completing  AFForm  1686, 
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AF  Form  1687,  Leak/Failure  Data  Records.  The 
corrosion  engineer  or  cathodic  protection  technician  must 
inspect  all  leaks  or  failures  and  complete  this  form  as 
requirea.  The  corrosion  engineer  is  primarily  responsible 
for  performing  inspections  and  records  maintenance,  in  his 
absence  the  cathode  protection  technician  must  do  these 
tasks  and  submit  all  copies  of  this  form  to  the  corrosion 
engineer  for  his  review  and  further  dissemination.  One  copy 
must  be  placed  in  the  facility  jacket  folder,  one  copy  must 
be  included  in  the  Cathodic  Protection  Annual  Performance 
Booklet,  and  one  copy  must  be  forwarded  to  the  major 
command.  It  should  be  forwarded  immediately  after 
completion  of  the  form. 

Before  the  excavation  is  backfilled,  the  corrosion 
engineer  must  decide  whether  to  install  sacrificial  anode(s). 
If  the  piping  system  is  protected  by  an  impressed  current 
system,  the  corrosion  engineer  must  decide  whether  the 
rectifier  current  output  is  adequate  or  what  adjustments  are 
required.  During  the  repair  of  corrosion  leaks,  it  is 
desirable  to  make  color  photos  of  the  failed  structure.  Color 
slides  in  sharp  focus  will  be  acceptable  if  color  photographs 
cannot  be  made.  Keep  one  slide  of  each  leak  at  the  base 
with  the  leak  record  and  forward  one  to  the  major 
command. 

AF  Form  1688,  Annual  Cathodic  Protection  Performance 
Survey.  AFForm  1688  is  a  survey  worksheet  to  be  used  for 
the  annual  survey  conducted  by  the  base  cathodic  protection 
technician  and  engineer.  The  purpose  of  this  survey  is  to 
check  the  total  system  and  to  show  the  degree  to  which  the 
system  is  performing  and  meeting  its  intended  purpose. 
Stnicture-to-soil  potential  measurements  should  be  made  at 
each  bui.ding  service  line  and  at  various  other  points  along 
each  t:stribution  line  that  is  protected  by  cathodic  systems. 
The  corrosion  engineer  must  evaluate  this  data  to  determine 
the  performance  of  the  system.  Using  AFR  85-1  and  the 
Annual  Work  Plan,  this  person  must  initiate  changes, 
improvements,  and/or  readjustments  wherever  there  are 
indications  that  parts  of  the  system  are  not  properly 
protected.  Complete  this  form  in  duplicate.  Maintain  one 
copy  in  the  cathodic  protection  facility  jacket  folder  and  the 
other  copy  in  the  Cathodic  Protection  Annual  Performance 
Booklet.  The  major  command  corrosion  engineer  will 
review  the  survey  data  to  determine  if  necessary  or 
appropriate  action  has  been  taken  by  the  base  and  to  serve 
as  the  evaluation  of  the  base's  cathodic  protection  program. 

In  the  maintenance  of  cathodic  protection  systems,  you 
should  refer  frequently  to  AFM  85-5.  Keep  current  with 
the  information  in  this  manual,  including  the  periodic 
changes  that  are  distributed. 

Data  analysis.  The  effectiveness  of  cathodic  protection 
for  corrosion  control  of  underground  steel  structures  can  be 
established  by  leak  record  data  analysis.  The  number  of 
corrosion  leaks  that  occur  can  be  significantly  reduced  by 
cathodic  protection. 

Effective  corrosion  control  by  cathodic  protection 
requires  that  the  system  be  properly  selected,  designed, 
installed,  and  maintained.  Adequate  field  test  data  must  be 
collected  and  evaluated  before  a  cathodic  protection  system 
is  selected  and  designed.  Otherwise,  the  cathodic  protection 
system  may  not  provide  the  desired  corrosion  control 
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It  cannot  be  overemphasized  that  existing/potential 
corrosion  problems  on  underground  steel  structures  must  be 
p?X)perly  identified  before  an  attempt  is  made  to  correct 
them  by  the  application  of  cathodic  protection.  For  existing 
structures,  this  is  generally  accomplished  by  visual 
examination  (hellhole  inspection)  of  the  structure  and 
analysis  of  field  test  data. 

Careful  inspection  is  an  important  factor  in  cathodic 
protection  maintenance.  Performance  after  installation 
determines  whether  or  not  the  systems  are  providing 
complete  or  only  partial  protection  to  a  structure.  You 
cannot  be  sure  of  a  cathodic  protection  system  until  you 
inspect  the  completed  system  and  collect  accurate  records 
of  its  performance . 

A  visual  inspection  of  a  metal  structure  usually  reveals 
the  effectiveness  of  the  cathodic  protection  system.  If  a 
structure  is  founu  to  be  corroding,  physical  measurements 
on  the  structure  must  be  taken.  These  are  made  on  both 
aboveground  and  underground  structures.  Visual 
inspections  usually  reveal  the  following  information; 

•  Whether  the  metal  is  corroding  at  the  location 
expected. 

•  If  the  corrosion  is  active. 

•  What  is  the  type  of  corrosion. 

•  What  caused  the  corrosion. 
Structure-to-electrolyte  potential  surveys  are  mandatory, 
and  these  should  be  supplemented  with  pipeline  current 
tests.  Adequate  electrolyte  resistivity  data  are  required  for 
the  design  of  a  cathodic  protection  system.  In  addition,  tests 
must  be  conducted  in  order  to  establish  the  amount  of 
current  required  for  protection.  For  coated  pipelines,  tests 
must  also  be  conducted  in  order  to  obtain  a  meaningful 
evaluation  of  the  effective  coating  resistance.  Field  testing 
must  be  properly  conducted.  Effective  cathodic  protection 
systems  usually  cannot  be  designed  by  assumptions  and 
guesswork. 

Exercises  (445): 


5.   How  arc  leaks  caused  by  corrosion  in  a  base  pipeline 
system  recorded? 


Match  the  coiTCCt  form  in  column  B  with  the  function 
or  procedure  in  column  A. 


Column  B 


a. 

AFForm  491. 

b. 

A\' 

1686. 

c. 

AF 

Farm 

1687. 

d. 

AF 

Fonn 

1688. 

Column  A 

_  ( 1 )  Completed  as  required. 
„  (2)  Completed  monthl> . 

Completed  seniiunnually. 
_(4)  Completed  annually. 
_(5)  Used  to  check  pcrfomiancc 

of  the  entire  system. 
_  (6)   Used  for  sacrificial  anode 

systems. 
_(7)   Used  to  log  leaks. 
—  (8)   U.sed  on  impressed  current 

systems. 

(9)  Includes   readings   of  four 
check  points. 
.(10)  Used       in  performance 
surveys. 

10  percent  of  the  anodes 
must  have  test  stations. 
-(12)  Make  entries  on  the  base 
layout  map  in  conjunction 
with  this  fonn. 


7.   What  must  be  identified  before  a  cathodic  protection 
system  can  be  installed? 


What  does  a  visual  inspection  for  corrosion  of  a  metal 
structure  reveal? 


What  information  is  provided  on  cathodic  protection 
system  records? 


9.  What  are  potential  surveys  supplemented  with? 


2.  Where  are  the  records  maintained? 


3.  Where  are  changes  in  system  design  kept? 


4.  Where  are  the  technical  records  on  each  installed 
cathodic  protection  system  kept? 
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446.  State  the  criteria  for  effective  cathodic  protection. 

Criteria  for  Effective  Protection.  The  criteria  or 
standards  for  cathodic  protection,  which  we  are  going  to 
cover,  are  proven  to  control  corrosion.  Engineers,  in 
laboratory  experiments,  have  found  that  a  specific 
metal/alloy,  in  a  specific  electrolyte,  will  corrode  at  a 
specific  potential  (voltage). 

When  we  install  a  cathodic  protection  system  and 
measure  our  various  potentials  against  the  engineers' 
criteria,  we  can  determine  if  our  protection  is  adequate. 

Structure-to-electrolyte  potentials.  The  three  cathodic 
protection  ?  iteria  commonly  used  for  pipelines  are  all 
based  upon  the  measurement  of  structure-to-electrolyte 


potentials,  v/ith  the  reference  electrode  being  placed  as 
close  to  the  structure  as  possible.  Each  of  these  protection 
criteria  has  certain  advantages  and  limitations.  These  must 
be  considered  before  an  optimum  protection  criterion  can 
be  selected. 

No.  1.  A  negative  (cathodic)  voltage  of  at  least  -0.85 
voit  as  measured  between  the  structure  surface  and  a 
saturated  copper-copper  sulfate  half-cell  contacting  the 
electrolyte.  Detennination  of  this  voltage  is  to  be  made  with 
the  protective  current  applied. 

No.  2.  A  minimum  negative  (cathodic)  polarization 
voltage  shift  of  100  millivolts  (mV)  measured  between  the 
structure  surface  and  a  saturated  copper-copper  sulfate 
half-cell  contacting  the  electrolyte.  This  polarization 
voltage  shift  is  to  be  determined  by  interrupting  the 
protective  current  and  measuring  the  polarization  decay. 
When  the  current  is  initially  interrupted,  an  immediate 
voltage  shift  will  occur.  The  voltage  reading,  after  the 
immediate  shift,  shall  be  used  as  the  base  reading  from 
which  to  measure  polarization  decay. 

No.  3.  A  negative  (cathodic)  voltage  shift  of  at  least  300 
mV  as  measured  between  the  structure  surface  and  a 
saturated  copper-copper  sulfate  half-cell  contacting  the 
electrolyte.  Determination  of  this  voltage  shift  is  to  be  made 
with  the  protective  current  applied.  This  criterion  of  voltage 
shift  applies  to  structures  not  in  contact  with  dissimilar 
metals. 

A  structure-to-electrolyte  potential  of  at  least  -0.85  volt 
is  generally  the  most  practical  and  economical  criterion  for 
well-coated  steel  pipelines.  This  is  understandable,  because 
the  anodic  areas  on  the  unprotected  structure  should  not 
have  a  potential  more  negative  than  about  -0.80  volt. 
Theoretically,  corrosion  activity  should  cease  when  the 
entire  structure  is  polarized  to  at  least  -.0.85  volt.  To 
insure  that  adequate  protection  is  applied,  a  potential  of 
-1 .0  volt  is  sometimes  used  for  well-coated,  new  pipelines. 
This  basic  criterion   is   widely  used  in  areas  where 
fluctuating  stray  currents  exist  and  drainage  bonds  are  used 
to  reduce  the  interference.  A  potential  of  at  least  -0.85  volt 
should  also  be  the  criterion  in  areas  where  galvanic 
(dissimilar-metal/alloy)  couples  exist.  The  criterion  is  not 
extensively  used  on  bare,  especially  old,  steel  structures 
because  of  the  excessive  current  that  could  be  required  to 
achieve  -0.85  volt.  For  example,  polarizing  to  -0.85  volt 
would  represent  ex  significant  waste  of  energy  if  all  of  the 
unprotected  (static)  potentials  for  the  structure  varied 
between  -0.2  and  -0.5  volt.  The  -0.85  volt  criterion  is 
also    sometimes    difficult     to    achieve    because  of 
depolarization,  which  can  occur  in  highly  aerated  soils  and 
waters. 

When  bare  or  poorly  coated,  especially  old,  steel 
structures  are  to  be  pioterted,  the  300  mV  negative 
potential  shift  criterion  is  commonly  used.  This  criterion  is 
also  useful  in  highly  aerated  soils  and  waters  where 
significant  depolarization  can  occur.  The  300  mV  negative 
potential  shift  criterion  is  especially  advantageous  where 
the  anodic  and  cathodic  areas  on  the  pipeline  or  structure 
are  not  highly  localized.  It  is  important  to  remember  that 
the  300  mV  shift  criterion  can  possibly  overprotect  a  new, 
well-coated  pipeline  or  structure  and  cause  coating  damage! 


The  latter  is  oiicn  a  problem  in  low  resistivity  soils  where 
the  overvoltage  for  hydrogen  cNolution  can  be  exceeded. 
Use  of  the  300  mV  shift  criterion  is  particularly  hazardous 
in  areas  where  fluctuating  stray  currents  exist.  This 
criterion  must  not  be  used  if  galvanic  couples  are  involved. 
For  example,  a  negative  potential  shift  of  300  mV  would 
reduce  the  galvanic  corrosion  of  steel  connected  to  copper, 
but  it  would  not  necessarily  assure  complete  cathodic 
protection. 

The  100  mV  polarization  potential  shift  criterion  is  also 
used  for  uncoated  and  old  pipelines.  In  general,  the 
limitations  of  this  criterion  are  similar  to  those  noted  for  the 
300  mV  negative  potential  shift  criterion.  It  is,  however,  an 
especially  advantageous  criterion  for  conditions  where 
large  voltage  (IR)  drops  through  the  electrolyte  are 
encountered.  Therefore,  the  100  mV  polarization  shift 
criterion  is  generally  not  used  for  structures  protected  with 
galvanic  anodes,  because  the  current  is  often  difficult  to 
interrupt. 

Maximum  pipe-to-soil  potentials.  Maximum  pipe-to-soil 
potentials  for  the  materials  listed  below  must  be  measured 
directly  over  the  pipe  at  locations  where  the  piping  is 
nearest  the  anode  groundbed.  All  piping  and  underground 
metallic  structures  in  the  vicinity  of  each  groundbed  should 
be  checked  to  determine  the  potential  of  each.  Maximum 
allowable  pipe-to-soil  potentials  must  not  exceed  the 
following  values: 


MATERIAL 

Coated  Steel 
Lead 

Aluminum 
Coated  Water  Tanks      - 1 .50  volts 


MAXIMUM  POTENTIAL 

-2.05  volts 
-1. 10  volts 
-1.20  volts 


NOTE:  The  above  criteria  also  apply  to  POL  facilities. 

When  the  maximum  pipe-to-soil  potentials  are  reached 
and  all  the  piping  served  by  the  rectifier  is  not  protected, 
additional  rectifier  groundbeds  must  be  considered.  The 
installed  rectifier  should  be  readjusted  to  produce  a 
maximum  permissible  design  potential  when  making  tests 
to  determine  the  requirements  for  the  additional  rectifier 
groundbed. 

A  number  of  factors  and  conditions  must  be  considered 
before  a  criterion  is  selected  to  establish  that  a  pipeline  line 
or  structure  is  adequately  protected.  Fortunately,  however, 
when  the  proper  criterion  is  selected  and  the  structure-to' 
electrolyte  potential  data  are  carefully  obtained,  there  is  a 
high  degree  of  assurance  that  effective  control  has  been 
achieved. 

Exercises  (446): 

1 .  How  can  we  determine  if  our  protection  is  adequate? 
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2.  Where  must  structure-to-electrolyte  potentials  be  read 
to  get  an  accurate  reading? 


3.  What  voltage  is  measured  between  the  structure 
surface  and  a  saturated  copper-copper  half-cell 
contacting  the  electrolyte? 


4.  What  position  is  the  protective  current  in  when 
measuring  for  a  minimum  negative  voltage  criterion  of 
-0.85  volt? 


5.  What  position  is  the  protective  current  in  when 
measuring  the  100  mV  or  the  300  mV  polarized 
voltage  shift  criterion? 


6.  When  should  corrosion  activity  cease  on  well-coated 
steel  pipelines? 


7.  When  is  the  300  mV  negative  potential  criterion 
commonly  used? 


8.  What  is  the  maximum  pipe-to-soil  potential  criteria  for 
coated  steel? 


447.  Describe  the  procedures  used  to  take  electrical 
measurements  in  cathodic  protection  systems. 

Field  Measurements.  The  proper  operation  and 
maintenance  of  any  cathodic  protection  system  requires  that 
certain  electrical  measurements  be  made  in  the  field.  These 
measure  measurements  serve  two  purposes:  They  tell 
whether  or  not  the  system  is  functioning  as  it  was  designed 
to  function  and  whether  or  not  it  is  providing  adequate 
protection;  and  disclose  both  sudden  and  long-term  changes 
in  electrical  flow  through  the  system  in  order  to  furnish 
clues  to  the  physical  state  of  anodes,  operating  condition  of 
rectifiers,  and  changes  in  the  electrical  characteristics  of  the 
protected  and  nearby  structures. 

Field  measurements  of  potential,  current,  and  resistivity 
provide  the  information  needed  to  determine  the  actual 
operating  condition  of  a  cathodic  protection  system  or  to 
determine  if  cathodic  protection  is  required  on  an 
unprotected  system.  Measurement  of  the  rectifier  output 
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(both  voltage  and  current)  is  a  familiar  procedure;  however, 
the  actual  techniques  of  measuring  structure-to-electrolyte 
and  anode-to-electrolyte  potentials  and  anode-to-structure 
currents,  using  test  stations  and  soil  resistivities,  are  not  so 
familiar. 

Structure-to-electrolyte  measurements.  You  must  make 
structure-to-electrolyte  potential  measurements  and  keep 
accurate  records  of  these  measurements  from  the  time  you 
first  install  the  cathodic  protection  system.  These  records 
should  show  the  normal  structure-to-electrolyte  potential 
value  before  the  cathodic  protection  was  installed.  With 
these  records  you  can  determine  whether  protection  is 
complete,  partial,  or  noneffective.  The  structure-to- 
electrolytc  potential  is  one  of  the  most  important 
measurements  made  in  cathodic  protection.  You  make  this 
measurement  with  a  high-resistance  voltmeter  like  the  one 
shown  in  figure  4-16,  and  a  copper-copper  sulfate  half-cell 
like  the  one  shown  in  figure  4-17. 

The  negative^  terminal  of  the  voltmi^tftr  is  connected  to  the 
structure  and  the  positive  terminal  to  the  electrode  of  a 
copper-copper  sulfate  half-cell,  and  the  potential  is 
indicated  by  the  voltmeter.  The  measured  potential  is  said 
to  be  "referred  to  a  copper-copper  sulfate  half-cell."  Other 
types  of  half-cells  are  available,  however,  in  actual 
practice,  they  are  almost  never  used.  This  potential  value, 
measured  against  our  standards,  will  tell  the  operator 
whether  or  not  the  structure  is  adequately  protected  at  the 
point  of  test.  For  example,  remember  that  iron  and  steel 
structures  were  adequately  protected  at  a  potential  of  ^0.85 
volt  or  more.  Any  sudden  changes  in  potential  indicate 
either  some  outside  influence  (such  as  stray  current)  or  a 
change  or  failure  in  the  cathodic  protection  system.  The 
basic  arrangement  of  components  is  shown  in  figure  4-18. 

It  is  important  to  insure  that  good  contact  is  obtained 
between  the  components  of  the  circuit.  Any  high-resistance 
connection  will  cause  erroneous  readings  to  be  taken.  The 
operator  must  be  certain  that  thf  porous  plug  of  the 
reference  half-cell  is  in  contact  with  nzoist  earth  (or  water  in 
a  tank),  and  that  a  solid  metal-to-metal  contact  is  made 
between  the  structure  and  the  test  lead  to  the  voltmeter. 
With  soil  electrolytes,  it  may  be  necessary  to  scrape  down 
to  moist  earth  or  even  to  dampen  the  soil  with  water.  Test 
prods  or  clips  should  be  wiggled  on  the  metal  surface  to 
penetrate  any  dirt  or  oxide  coatings.  In  survey  work,  it  is 
desirable  that  structure-to-soil  readings  be  taken  with  the 
reference  half-cell  direct'y  over  the  structure  to  be  tested. 

Connection  to  buried  structures  being  tested  is  sometimes 
difficult.  The  following  is  a  list  of  possible  points  of 
electricai  contact:  cathodic  protection  test  stations,  water  or 
fuel  hydrants,  expof.*d  service  entrances,  meter 
installations,  and  vr^Jva  ronnets.  li  is  also  important  to  be 
sure  that  the  electrical  contact  is  made  to  the  structure 
proper.  Two  common  cause ;  of  trouble  here  are  making 
contact  to  the  pipeline  op  the  wrong  side  of  an  insulating 
bushing  or  union  and  to  a  valve  stem  which  is  insulated 
from  the  valve  body  by  packh- j  or  seating  r.iaterial. 

Sometimes  it  is  necessary  to  make  contact  wiih  a  buried 
structure  at  a  point  where  there  is  no  exposed  place  of 
connection.  If  it  can  be  absolutely  determined  th;-t  the 
structure  is  bare,  contact  may  be  made  by  probing  down 
with  a  r>teel  bar.  Under  no  circumstances  should  coating  be 


I^gure  4^16.  High-resistance  voltmeter. 


damaged  by  steel  bar  probing.  Electrical  contact  with 
exposed  structures  such  as  tanks,  sheet  piling,  or  exposed 
pipelines  pose  no  difficulty;  but  good  metal-to-metal 
contact  must  be  assured.  Where  two  structure  wires  are 
available »  always  use  the  wire  that  is  not  carrying  current. 

Anode-to*electrolyte  potential.  The  anode*to-electrolyte 
potential  provides  an  indication  of  which  lead  wire  is 
attached  to  the  anode.  Also,  by  moving  the  electrode,  the 
location  of  the  buried  anode  may  be  pinpointed.  An 
abnormally  low  potential  of  anode  to  electrolyte  may 
indicate  a  severed  lead  wire  or  a  dissipated  anode. 

The  measurement  of  anode-to-electrolyte  potential  is 
usually  possible  only  at  cathodic  protection  test  stations. 
This  measurement  is  not  necessary  where  the  anode  can  be 
physically  inspected,  as  in  a  water  tank  or  along  a  wharf. 
This  measurement  is  made  with  exactly  the  same  electrical 
connections  as  for  measuring  structure-to-soil  electrolyte 
potential.  The  positive  terminal  of  the  voltmeter  is 
connected  to  the  reference  half-cell  electrode  and  the 
negative  terminal  to  the  anode  under  test.  When  measuring 
at  a  test  station,  simply  connect  the  negative  meter  lead  to 
the  appropriate  terminal  to  measure  either  structure  or 
anode  potential. 

Anode-to-structure  current.  The  ability  of  a  cathodic 
protection  system  to  do  its  job  is  directly  related  to  the 
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Figure  4^17.  Copper-copper  sulfate  cell. 
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Figure  4-1 8.  Surface  type  potential-current  stations. 


amount  of  current  which  passes  from  the  anode  to  the 
structure.  If  the  current  decreases  or  stops,  the  amount  of 
protection  decreases  or  stops  in  direct  proportion.  A  record 
of  anode-to-structure  current  provides  an  indication  of  the 
level  of  protection  provided  to  the  system  by  the  anodes 
under  test.  This  measurement  is  made  by  inserting  an 
ammeter  into  the  conductor  between  the  anode  and  the 
protected  structure.  In  a  alvanic  anode  system,  this 
requires  physically  breaking  into  the  anode-to-structure 
connecting  lead.  In  an  impressed  current  system,  the 
electrical  connections  are  similar,  except  that  the  meter 
shunt  is  usually  permanently  connected  into  the  circuit  and 
it  is  only  necessary  to  connect  the  meter  movement  across 
the  shunt.  As  in  all  DC  measurements,  it  is  necessary  to 
observe  the  correct  polarity  and  start  at  the  highest  range  of 
the  instrument  in  order  to  prevent  overloading  and  damage 
to  the  meter. 

Potential  measurements  of  facilities  under  pavement.  It 
has  been  discovered  that  past  methods  of  measuring 
structure-to-electrolyte  potentials  of  metallic  facilities 
(pipelines,  tanks,  metallic  sheath  cables,  etc.)  under 
pavement,  using  a  reference  electrode  in  contact  with  the 
pavement,  will  result  in  a  large  error.  The  most  efficient 
way  of  obtaining  accurate  measurements  is  to  install  a 
permanent  pavement  insert  with  a  removable  plug  that  will 
allow  insertion  of  a  reference  electrode.  These  inserts 
should  be  installed  in  the  pavement  at  points  where  metallic 
facilities  cross  and  at  least  every  100  feet  along  the  route  of 
metallic  pipelines  or  cables.  Figure  4-19  shows  a  typical 
installation  of  a  1  5/8-inch  plastic  insert  with  a  3/4-inch 
removable  cadmium  plated  plug.  A  copper-copper  sulfate 
reference  electrode  that  will  easily  fit  through  the  hole  in 
the  pavement  insert  is  available.  The  hole  beneati-  the 
pavement  insert  should  be  filled  with  sand  to  within  4 


inches  of  the  top  of  the  pavement  insert  to  allow  the  SVa- 
inch  long  and  3/8-inch  diameter  reference  electrode  to  make 
contact  with  the  sand.  If  measurements  must  be  taken 
immediately  after  adding  sand,  a  small  amount  of  water 
should  be  poured  into  the  hole  prior  to  taking  potential 
measurements  with  the  proper  voltmeter.  For  future 
measurements,  the  sand  will  absorb  enough  moisture  from 
the  surrounding  media  so  that  accurate  measurements  can 
be  made  without  adding  water  if  a  potentiometer-voltmeter 
circuit  or  a  voltmeter  having  at  least  10-megohm  internal 
impedance  is  used. 

Potential  surveys  and  leak  detection.  One  of  the  many 
benefits  from  determining  structure  potentials  is  that  of 
pinpointing  possible  leak  locations,  much  as  those  on  a  gas 
pipeline  system.  Aliile  many  leaks  are  readily  found  and 
repaired,  there  is  a  significant  number  of  leaks  that  are  not 
readily  located  without  extensive  excavation  and  pipe 
damage.  Measuring  the  structure-to-electrolyte  (soil) 
potentials,  tests  are  conducted  over  the  structure  at  equally 
spaced  intervals  such  as  25  to  50  feet.  This  information  will 
indicate,  by  variation  in  potential  readings,  where  the 
structure  is  most  likely  to  corrode.  On  an  unprotected  (no 
cathodic  protection)  structure,  this  would  be  where  the 
greatest  negative  values  with  respect  to  a  copper-copper 
sulfate  half-cell  electrode  are  located.  Upon  selecting  these 
areas,  a  resurvey  of  the  structure  is  made  at  closer  intervals 
to  pinpoint  the  most  corrosive  area.  While  this  method  is 
not  always  100  percent  successful,  it  is  a  valuable  tool 
under  most  circumstances. 

Test  stations.  Cathodic  protection  test  stations  are  simply 
leads  which  are  brought  to  the  surface  of  the  ground  or  to 
some  other  easily  accessible  place  so  that  electrical 
measurements  may  be  made  conveniently.  There  are  two 
basic  types  of  stations,  subsurface  type  and  surface.  These 
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DRILL  A  HOLE  I  5/8  INCHES    IN  DIAMETER.  JUST 
HAMMER  UNIT  IN.     DEPTH   IS    CORRECT  WHEN  UNIT  IS 
FLUSH  WITH  PAVING.      SCALING   SHOULO  NOT  BE  NECES- 


Figure  4-19.  Plastic  test  msert. 


The  simplest  and  best  method  of  attaching  leads  to 
structures  and  obtaining  a  good  electrical  connection  is  the 
thermite  welding  process.  Thermite  welding  is  a  means  of 
permanently  fastening  copper  conductors  to  steel  or  iron 
structures  or  to  another  copper  conductor.  Powdered  copper 
oxide  and  aluminum  are  burned  to  provide  heat  and  molten 
copper.  The  molten  copper  flows  over  the  conductoi  and 
the  structure,  permanently  welding  them  together.  The 
equipment  is  light  and  portable,  and  no  outside  source  of 
heat  or  power  is  required.  The  thermite  weld  furnace  must 
be  of  the  proper  size  for  the  pipe  and  wire  size  encountered. 
Underground  splices  are  adequately  insulated  by  three 
wraps  of  insulating  electrical  tape. 

The  completed  thermite  weld  and  exposed  copper  wire 
must  be  coated  with  a  thermite  weld  cap  filled  with  mastic. 
The  cap  must  not  be  installed  until  after  the  weld  has  cooled 
sufficiently  to  prevent  mastic  from  melting  or  burning. 

Exercises  (447): 

1 .   What  two  purposes  do  electrical  measurements  serve 
in  a  cathodic  protection  system? 


2.  When     should     a     record     of  structure-to-soil 
measurements  be  initiated? 


3.   Which  is  the  most  important  measurement  made  in 
cathodic  protection? 


4.   What  two  test  instruments  are  used  to  measure 
cathodic  protection? 


two  types  of  stations  may  be  installed  for  potential  only  or 
potential-current  measurements.  Since  the  use  of  the  test 
stations  usually  requires  making  a  physical  disconnection 
between  the  anode  and  the  structure,  it  is  extremely 
important  to  insure  that  the  connection  is  properly  restoi-ed 
at  the  completion  of  the  testing.  Where  shorting  lugs  are 
used,  be  sure  that  the  nuts  or  screws  holding  the  lugs  in 
place  are  firmly  snugged  down  and  that  a  good  metal-to- 
metal  contact  is  made.  Where  galvaiiic  anodes  are 
involved,  test  leads  should  be  terminated  on  terminals. 

Since  cathodic  protection  systems  are  electrical  in  nature, 
it  is  important  that  the  current  be  allowed  to  flow  where  it  is 
needed  without  unnecessary  loss  or  restriction.  The  two 
usual  causes  of  loss  and  restriction  are  high-resistance 
connections  and  poorly  insulated  connections.  Connections 
to  the  structure  will  be  thermite  welded  or  brazed  and  then 
insulated  from  the  electrolyte.  Conductor  splicing  should 
be  avoided  where  possible.  Permanent  conductor  splices 
will  be  done  by  thermite  welding  or  crimped  pressure 
connection  with  proper  ratchet  tools. 


5.  How  are  the  meters  listed  in  the  preceding  question 
connected? 


6.  What  indicates  whether  or  not   the  structure  is 
adequately  protected? 


7.  What  do  sudden  changes  in  potential  indicate? 


571 

o 

ERIC 


8.  What  could  give  you  an  erroneous  reading  when  taking 
structure-to-electrolyte  potential  readings? 


9.  What  wi)l  an  anode-to-electrolyte  potential  indicate? 


10.  How  is  an  anode-to-structure  current  measurement 
made? 


11.  What  is  the  most  efficient  method  of  measuring 
structure-to-electrolyte  potentials  under  pavement? 


12.  How  can  a  leak  in  a  pipeline  system  be  detected 
without  excavating  the  pipe? 


13.  What  is  provided  in  the  cathodic  protection  system  to 
make  the  electrical  measurements  more  convenient? 


14.  What  are  the  two  methods  of  attaching  conductors  to 
the  structure? 


15.  How  are  underground  thermite  welds  insulated  from 
the  electrolyte? 


448.  Describe  the  procedures  used  to  perform  resistivity 
tests. 

Resistivity.  The  ability  of  soil  or  water  to  conduct 
electricity  is  closely  related  to  the  rate  at  which  buried  or 
immersed  structures  will  corrode.  The  lower  the  resistance 
to  current  tiow,  the  higher  the  rate  of  corrosion.  The 
practical  measure  of  the  ability  of  a. material  to  resist  the 
flow  of  electricity  is  known  as  resistivity.  Resistivity  is 
deflned  as  the  resistance  in  ohms  between  opposite  faces  of 
a  1 -centimeter  cube  of  material.  The  basic  circuit  for  the 
measurement  of  soil  resistivity  is  shown  in  figure  4-20. 
While  resistivity  measurements  can  be  made  using  a 
voltmeter  and  ammeter  as  shown,  most  resistivity 
measurements  are  made  using  the  Vibroground  instrume»4t. 

Soil  resistivity.  Soil  resistivity  is  found  by  measuring  the 
currc«^t   flow   through   a   specified   section   of  earth. 
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give  the  average  soil  resistivity  down  to  a  depth  about  equal 
to  the  pin  spacing.  By  changing  the  pin  spacing,  the 
resistivity  to  other  depths  can  be  determined. 

Polarization  and  galvanic  effects  between  the  electrodes 
may  cause  errors  in  the  calculated  resisti  vity  when  only  one 
DC  measurement  is  made.  These  effects  may  be  eliminated 
by  reversing  the  DC  current  and  averaging  the  results,  or  by 
using  an  AC  current  and  AC  measuring  equipment.  Earth 
resistivity  meters  use  alternating  current  for  this  reason. 
Figure  4-21  shows  how  the  instrument  is  connected  to  the 
field  soil  probes  or  pins.  The  Vibroground  instrument  reads 
directly  in  ohms. 

Water  resistivity.  Watc^  resistivity  is  usually  determined 
by  calculation  from  its  inverse  characteristic,  conductivity. 
Conductivity  is  the  ability  of  a  material  to  conduct 
electricity  and  is  numerically  equal  to  the  reciprocal  of  the 
resistivity.  The  basic  unit  of  conductivity  is  ohms  per 
determining  the  voltage  drop  across  all  or  part  of  the  earth 
under  test  and  using  these  measured  values  to  calculate  the 
resistivity  by  formula.  Figure  4-20  shows  the  basic  circuit 
used  for  this  determination.  The  resistivity  (P)  is  calculated 
from  the  formula: 


Or 

P  -  191  AR 

Where 
A  =  pin  spacing  in  feel 
R  =  instrument  reading  in  ohms 

The  formula  may  be  further  simplified  to: 

P  =  KR 

Where 
K  =  I9IA 


If  the  soil  pins  are  spaced  as  shown  in  table  4-5,  the  soil 
resistivity  is  simply  calculated  by  mult'plying  the 
instrument  reading  by  K  from  the  table.  A  commonly  used 
pin  spacing  is  5  feet  so  that  K  =  1000.  This  calculation  will 
centimeter,  but  most  water  analyses  report  conductivity  in 
millionths  of  ohms  (or  micro  ohms)  per  centimeter.  The 
conductivity  of  every  domestic  water  supply  used  by  the  Air 
Force  is  reported  as  a  part  of  the  annual  water  analysis  by 
the  U.S.  Geological  Survey  for  CONUS  installations  and 
some  overseas  installations. 

Limitations  of  the  4~pin  method  can  us  overcome  by 
using  the  single  rod  probe  method  or  by  measuring  the 
resistivity  in  the  soiS  box.  The  single  rod  probe  measures  the 
soil  resistance  between  two  electrodes  on  a  single  probe.  It 
will  measure  the  local  soil  resistivity  in  the  immediate 
vicinity  of  the  tip  of  the  probe  placed  into  the  soil  or  liquid. 
It  is  useful  for  obta'**ung  rcf^^lstivities  of  liquids  or  soil 
resistivities  in  excavations  ano  trenches.  Similarly,  the  soil 
box  method  measures  the  resistivity  of  a  small  sample  of 
electrolyte.  This  method  of  obtaining  soil  resistivity  is  a 
modification  of  the  4-pin  method  applied  to  small  samples 
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AMMETER 


A  SPACING  IN  FEET 


ccr-107 


(RHO)  AVERAGE  RESISTIVITY  TO  A  DEPTH  OF  'A'  FEET  'N 
OHM  CENTIMETERS 


Figure  4-20.  Basic  soil  resistivity  circuit  (4-pin  method). 


TABLE  4-5 
RESISTIVnY 


P  =  KR 


Normal  Pin 
Spacing 

Actual  Pin 
Spacing 

K 

2 '6" 
5'0" 
7 '6" 
10 '0" 
15'0" 

2' 7" 
5' 3" 
7 '10" 
10'6" 
15' 9" 

500 
1000 
1500 
2000 
3000 
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Figure  4-21 .  Field  measurement  of  soil  resistivity  (4-pin  method). 


of  soil  or  water.  It  is  useful  in  showing  the  variation  of  soil 
resistivities  between  specific  samples  at  a  location.  Soil 
boxes  are  ma'^e  of  a  nonconducting  material  and  are  so 
proportioned  :  when  the  box  is  filled  level,  the  resistivity 
in  ohm-cm  is  equal  to  the  change  in  potential  between  the 
potential  pins,  divided  by  the  change  in  current  applied  at 
the  current  electrodes.  The  soil  boxes  are  usually  made  of 
plastic,  with  the  current  electrodes  at  the  ends  made  of  zinc, 
and  the  potential  electrodes  are  made  of  brass  or  copper. 
When  an  electrolyte  is  placed  in  the  soil  box,  a  galvanic 
current  and  potential  may  be  set  between  the  current 
electrodes  and  the  potential  electrodes.  The  potential  and 
current  flow  caused  by  the  galvanic  action  would  be  the  first 
reading  taken.  The  second  reading  would  be  taken  after  an 
external  potential  was  applied  to  the  current  electrodes. 

It  is  important  that  tests  using  small  soil  samples  be 
properly  conducted.  Generally,  a  large  number  of  tests  are 
required  in  order  to  establish  average  conditions  along  a 
pipeline.  A  major  limitation  of  these  small-sample 
techniques  is  the  need  to  auger/excavate  to  the  pipeline 
depth. 

In  addition  to  predicting  corrosion  activity,  soil 
resistivity  data  is  required  for  designing  cathodic  protection 
systems.  Soil  resistivity  must  be  known  in  order  to  calculate 
the  current  output  of  a  galvanic  anode-  This  def^rmines  the 
number  of  anodes  required  for  protection  and  where  the 
anodes  should  be  located  along  the  pipeline.  For  an 
impressed  current  system,  soil  resistivity  is  used  to 
calculate  the  theoretical  resistance  of  the  groundbed.  This  is 
an  important  part  of  the  total  circuit  resistance.  Since  it  is 
desirable  to  minimize  the  total  circuit  resistance,  the 
groundbed  should  be  located  in  a  region  of  low  resistivity. 


Exercises  (448): 

1 .  What  does  soil  resistivity  have  to  do  with  corrosion? 

2.  How  are  most  soil  resistivity  measurements  taken? 


3.  What  is  the  most  commonly  pin  spacing  used  when 
taking  soil  resistivity  tests? 


4.  To  what  depth   will  the  soil  resistivity  formula 
calculate? 


5.  How    can    polarization   and   galvanic    effects  be 
overcome? 


6.  How  is  water  resistivity  determined? 
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7.  How  is  the  soil  box  method  used  to  measure  soil 
resistivity? 


8.  How  are  soil  resistivity  measurements  used  for  new 
systems? 


4*^9.  Specify  the  frequency  of  measurements  for  cathodic 
protection  systems. 

Frequency  of  Measurements.  It  is  desirable  to  make  a 
series  of  electrical  measurements  on  a  newJy  installed 
system  to  determine  the  initial  level  of  cathodic  protection. 

Galvanic  anode  system.  After  the  initial  series, 
measurements  should  be  made  quarterly  for  the  first  year. 
Tins  will  enable  the  corrosion  engineer  to  identify 
deficiencies  (from  settlement)  and  program  corrective 
action.  After  the  first  year  of  operation,  measurement  will 
be  made  annually  unless  the  major  command  requires  more 
frequent  testing.  Data  must  be  recorded  on  AF  Forms  as 
outlined  in  AFM  85-5. 

a.  Stnicture-to-electrolyte  potential.  The  primary 
measurement  to  be  made  is  that  of  structure-to-electrolyte 
potential,  since  this  determines  the  adequacy  of  protection. 
Figure  4-18  shows  the  basic  arrangement  for  making  this 
measurement.  The  following  spacing  of  potential 
measurements  shall  be  made  initially  and  amiually.  In 
congested  areas,  structure-to-electrolyte  (soil)  potentials 
shall  be  measured  at  service  risers  and  at  points  over  the 
main  farthest  from  the  anodes.  Potential  measurements 
over  long  pipelines  shall  be  made  at  points  farthest  from  the 
anodes,  but  in  no  case  farther  than  1000  feet.  The 
measuring  and  recording  of  structure-to-elcctrolyte 
potential  can  be  used  to  deteiinine  the  level  of  protection 
and  the  trend  of  changes  in  protection.  Gradual  changes  in 
potential  are  indicative  of  anode  corrosion,  changes  in  soil 
resistivity,  or  distant  interference,  shorted  insulation,  or 
changes  in  piping. 

b.  Anode-to-electrolyte  potential.  The  measurement  of 
anode-to-electrolyte  potential  serves  as  a  check  of  lead 
continuity,  anode  condition,  and  location  (peak  potential 
occurs  directly  over  anode).  Where  test  stations  are 
provided,  this  measurement  should  be  made  at  the  same 
time  as  that  of  structure-to-electrolyte  potential. 

c.  Structure-to-anode  current.  The  rate  of  anode  metal 
loss  is  directly  dependent  on  the  rate  of  current  flow 
between  the  stnictiare  and  the  anode.  This  current  flow  is 
measured  to  give  an  indication  of  proper  anode  operation 
and  to  allow  calculation  of  anode  life.  Where  test  stations 
are  provided,  this  measurement  should  be  made  at  the  same 
time  as  that  of  structure-to-electrolyte  potential. 


Impressed  current  systems.  Monthly  inspection  of 
cathodic  protection  rectifiers  must  be  made  by  the  cathodic 
protection  technician  to  insure  that  all  components  are  in 
proper  operating  condition  and  that  the  unit  is  producing 
adequate  E)C  current  to  provide  complete  protection.  The 
mspection  includes  measurements  of  current  and  voltage 
output,  maximum  and  minimum  potentials  and  a  check  of 
components  for  deficiencies.  Oil  immersed  rectifiers 
require  additional  inspection  as  listed  in  AFM  85-5. 

The  first  step  in  conducting  a  rectifier  inspection  is  to 
measure  both  current  and  voltage  output  and  record  the 
readmgs  in  the  ''as  found"  columns,  AF  Form  491.  Most 
rectifier  assemblies  include  both  a  voltmeter  and  an 
anmieter  for  measuring  applied  potential  and  impressed 
current.  Some  meters  are  permanently  connected  into  the 
circuit  and  continuously  read  the  voltage  and  current.  Other 
meters  are  normally  disconnected  from  the  circuit  and  are 
energized  by  pressing  a  switch  or  button,  as  shown  in  figure 
4-22.  Use  table  4-6  for  the  rectifier  voltage  sequence.  When 
using  a  ''press  to  read**  switch,  press  and  release  the  switch 
slowly  three  or  four  times  before  recording  the  readings 
Because  these  switches  are  idle  for  long  periods  between 
uses,  the  contacts  sometimes  do  not  seat  property  and  may 
make    a    high-resistance    connection.    Actuating  the 
mechanism  carefully  for  several  times  allows  the  movement 
to  "free  up**  and  the  contacts  to  meet  property.  Compare 
the  rectifier  output  readings  with  those  of  the  previous 
inspection.  Adjust  the  voltage,  if  necessary,  to  maintain  the 
rcquu-ed  current  output.  Any  significant  change  indicates  a 
component  failure  in  the  rectifier  or  a  change  in  the  system 
or  system  environment. 

Inspection  of  the  individual  rectifier  components  is  made 
to  msure  that  all  parts  are  operating  property  to  maintain 
protection  of  tlie  structure.  The  point  of  maximum  potential 
and  three  points  of  minimum  potential  for  each  rectifier 
system  must  be  selected  each  year  from  the  annual 
performance  survey.  The  location  of  these  points  must  be 
recorded  in  Section  9  of  AF  Form  491.  Also,  the  current 
required  to  provide  complete  protection,  as  determined 
dunng  the  initial  start  up  or  the  annual  performance  survey 
descnbed  in  AFM  85-5,  must  be  recorded  in  Section  8  of 
AF  Form  491.  The  four  potential  measurements  must  be 
made  after  assuring  that  the  required  current  output  is 
provided.  The  data  obtained  must  be  reviewed  by  the 
corrosion  engineer,  who  will  provide  guidance  if  any 
changes  in  current  output  are  required. 

Meters  in  each  rectifier  unit  must  be  checked  for 
accuracy  each  year.  A  portable  instrument  of  known 
accuracy  is  used  to  check  the  unit  meters  by  measuring  the 
voltage  across  the  output  terminals  and  comparing  this 
reading  with  that  of  the  unit  meter,  and  by  inserting  the  test 
ammeter  in  the  output  circuit  and  comparing  its  reading  to 
that  of  the  unit  ammeter.  The  test  voltmeter  should  be  at 
least  as  sensitive  (in  ohms  per  volt)  as  the  unit  voltmeter 
being  checked.  The  test  ammeter  should  offer  less 
resistance  to  the  circuit  than  does  the  unit  ammeter.  All 
rectifiers  should  have  a  shunt  mounted  on  the  front  panel  to 
check  the  accuracy  of  the  current  output.  The  shunt  will  be 
marked  as  to  the  amps/millivolt  rating  which  should  be  used 
in  calculating  the  current. 
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Figure  4-22.  Voltage  test  sequence  for  rectifiers. 


TABLE  4-6 

VOLTAGE  SEQUENCE  FOR  RECTIRER  TROUBLESHOOTING 


Probe  Points 

1-1.  A.C.  voltage 

*2-2.  A.C.  voltage 

*3-3.  A.C.  voltage 

4-  4.  A.C.  voltage 

5-  5.  A.C.  voltage 
*6-6.  A.C.  voltage 
*7-7.  D.C.  voltage 
*8-8.  D.C.  voltage 

9-9.  D.C.  voltage 

10-10.  D.C.  rectifi 


Measurement  Indicates 

from  the  disconnect  switch, 
to  the  curcuit  breaker  and/or  fuse, 
to  the  transformer  primary  winding 
through  the  transformer, 
through  top  adjustment  connections, 
to  the  rectifier, 
from  the  rectifier, 
to  the  metering  terminals, 
to  the  protective  fuse  terminals, 
er  voltage  output. 


♦Usually  these  readings  cannot  be  made  without  removin 
from  the  rectifier. 
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Exercises  (449): 

1.  How  often  are  electrical  n^easurements  made  on 
galvanic  anode  systems  the  first  year  of  use?  After  the 
first  vear? 


2.  What  is  the  primary'  measurement  to  be  made  on 
galvanic  anode  systems? 


3.  What  can  the  records  from  structure-to-electrolyte 
measurements  be  used  for? 


4.  What     is    the    purpose    of  anode-to-electrolyte 
measurements? 


5.   In  anode-to-electrolyte  potential  measurements,  where 
is  the  peak  potential  measured? 


6.   When  are  struciure-to-anode  measurements  taken? 


7.   How  often  are  the  rectifiers  in  impressed  current 
systems  inspected? 


8.  What  potentials  must  be  selected  each  year  in  the 
rectifier  system? 


9.  Where  are  the  locations  of  these  points  recorded? 


10.  How  often  are  the  meters   in  the  rectifier  units 
calibrated? 


4-4.  Troubleshooting 

Because  cathodic  protection  systems  are  located 
outdoors,  they  are  subject  to  the  element  .  These  effects 


can  play  a  major  role  in  your  ability  to  control  corrosion.  In 
this  section  you  will  learn  troubleshooting  procedures  and 
how  to  remedy  problems  that  may  arise. 

450.  Specify  troubleshooting  procedures  for  cathodic 
protection  systems. 

Galvanic  Anode  Systems.  If  protection  is  good,  the 
potential  value  will  read  approximately  -0.85  volt.  A 
value  nearer  zero  than  -0.85  volt  indicates  partial 
protection  and  may  indicate  that  the  leads  to  one  or  more  of 
the  anodes  are  broken,  or  that  the  anodes  are  ''used  up." 

If  you  check  the  anodes  and  their  leads  and  find  them 
satisfactory  but  the  potential  is  still  low,  then  search  for  an 
electrical  leak  or  ''holiday''  in  the  protective  coating  on  the 
structure.  If  you  have  a  leak  on  the  structure,  you  will  have 
a  sharp  drop  in  potential  at  that  point.  To  restore  the 
efficiency  of  the  protection  system,  the  leak  must  be 
repaired. 

You  can  check  the  anodes'  physical  condition  in  the  same 
way  that  you  check  the  structure.  Using  the  same 
instruments,  connect  the  positive  terminal  of  the  voltmeter 
to  the  half-cell  electrode  and  the  negative  terminal  to  the 
anode  under  test.  A  lower-than-normal  potential  means  gas 
blockage  (the  formation  of  a  film  of  gas  on  the  anode 
surface).  An  above-normal  potential  shows  that  the  anode  is 
corroded  away.  Both  of  these  situations  are  accompanied  by 
severe  drops  in  the  structure-to-anode  current.  The  anode- 
to-electrolyte  measurement  is  not  necessary  where  the 
anode  can  be  physically  inspected.  Table  4-7  describes 
troubleshooting  procedures. 

Impressed  Current  Systems.  If  inspection  reveals  that 
a  unit  has  failed  (or  is  near  failure),  follow  basic 
troubleshooting  procedures  to  locate  faulty  components  and 
restore  the  rectifier  unit  to  operation.  The  simplest  means  of 
troubleshooting  is  to  follov^  the  flow  of  electricity  through 
the  rectifier  unit,  comp)onent  by  component.  Figure  4-22 
shows  the  sequence  of  checking  through  a  rectifier  with  a 
voltmeter  using  nine  tests.  This  same  procedure  can  be  used 
on  any  rectifier  circuit  from  a  single-phase  half-wave  unit  to 
a  three-phase  bridge.  Be  sure  to  use  AC  meters  on  the  AC 
side  of  the  stacks  and  DC  meters  on  the  DC  side  of  the 
stacks.  Table  4-6  shows  the  voltage  test  sequence  for 
troubleshooting  a  rectifier. 

Before  troubleshooting  a  unit,  study  the  circuit  diagram 
furnished  with  the  manufacturer's  instructions  that  are 
mounted  in  the  rectifier  cabinet.  If  no  circuit  diagram  is 
available  it  is  usually  worthwhile  to  trace  out  the  circuit  and 
develop  a  diagram.  A  copy  of  this  circuit  diagram  should  be 
filed  with  other  recording  drwings.  Voltage  test  points  are 
not  limited  to  those  shown  in  figure  4-22.  Intermediate 
points  can  and  should  be  checked  in  a  search  for  loose 
connections  and  broken  conductors. 

Turn  off  the  rectifier  by  throwing  the  AC  circuit  breaker 
and  the  outside  disconnect  switch  before  touching  parts  to 
check  for  heat  buildup  on  loose  connections.  Be  sure  test 
meters  are  properly  connected  and  range  selected  is  high 
enough  to  prevent  meter  damage.  Obserx  e  the  same  safety 
practices  as  when  inspecting  other  electrical  equipment. 
The  cause  of  rectifiei  failure  may  have  left  hazardous 
conditions  not  usually  encountered  in  electrical  equipment. 
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TABLE  4-7 

ANODE  TROUBLESHOOTING 


CONDITION 


CAUSES 


1.  Structure-to-electrolyte 
potential  is  -0.85  or 
slightly  higher  (complete 
protection). 

I  Structure-to-electrolyte 
potential  is  lower 
than  -0.85  and  higher 
than  original  or 
unprotected  structure- 
-   to-electrolyte  condition. 


System  O.K. 


a.  Lead  wire  between  anode 
and  structure  broken. 


b.  Coating  damaged  or 
deteriorated. 


METHOD 

TROUBLESHOOTING 


None  Needed 


a.  Check  potential  between 
anode  and  copper  sulfate 
electrode.  Potential  should 
be  -1.50  volts  or  higher. 
Also,  make  continuity  tests 

on  structure  leads  and  measure 
anode  current  output. 

b.  Conduct  coating  conductance 
tests  and/or  Pearson  type  over- 
the-ground  holiday  detector  tests. 


REMEDY 


None  Needed 


2.  Replace  the 
broken  lead  wire. 


b.  Excavate  lime 
and  patch  coating 
or  install  add- 
itional anodes. 


570' 


c.  New  section  of  structure 
added  without  added  cathodir 
protection. 

d.  Insulators  shorted  - 
bare  structure  shorted  to 
protected  structure. 


c.  Check  as-built  or 
construction  records. 


d.  Test  all  insulated 
fittings, 


e.  Improper  design  ■  not     e.  Measure  current  output 
enough  anodes  installed.      of  anodes  and  conduct  current 

requirement  tests. 


c.  Install 
additional  cathodic 
protection. 


d.  Replace  shorted 
insulated  fittin 


e.  Install  addi- 
tional cathodic 
protection. 
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Rectifier  Troubleshooting  Procedures.  The  following 
are  the  troubleshooting  procedures  to  be  used  for  locating 
the  cause  of  reduced  or  interrupted  rectifier  output: 

a.  If  no  output  voltage  is  indicated  on  the  rectifier  meter, 
make  the  following  checks  and  repair  as  necessary: 

(1)  Check  AC  circuit  breaker,  DC  fuses  and  AC 
disconnect  switch  and  fuses.  If  circuit  breaker  or  fuses  are 
blown,  check  the  reason  for  the  interruption  and  make 
necessary  repairs. 

(2)  Visually  check  for  evidence  of  lightning  damage 
or  excessive  heating  in  the  rectifier  cabinet.  Also,  strange 
odors  indicate  heat  damage. 

(3)  Check  the  DC  output  voltage  with  the  multimeter 
connected  across  the  rectifier  output  terminals.  If  no 
voltage  is  indicated,  repair  the  meter  or  wiring. 

M>  ^Vvck  the  DC  fuses,  fuse  holders,  and 
com  >M 

cing  an  AC  meter,  check  the  disconnect  switch 
for  supply  voltage,  blown  fuses  or  loose  connections.  If  no 
disconnect  switch  has  been  installed,  install  one. 

(6)  If  AC  voltage  is  not  available  to  the  disconnect 
switch,  repair  the  power  source  trouble. 

(7)  If  voltage  is  available  from  the  disconnect  switch 
but  not  to  the  rectifier  stacks,  open  the  disconnect  switch 
and  check  for  continuity  through  the  AC  circuit  breaker. 
Trouble  may  be  in  the  switch,  or  wiring,  or  terminal 
connection. 

(8)  Check  the  AC  power  supply  through  the 
transformer  to  the  rectifier  stacks  by  testing  AC  voltage 
across  the  fixed  center  terminals  of  the  coarse  and  fine 
adjustments.  (CAUTION:  Do  not  make  this  check  in  an 
oil-cooIed  rectifier  when  terminals  are  submerged.) 

(9)  Check  the  rectifier  stack  for  DC  output  voltage.  If 
there  is  input  voltage  but  no  output  voltage  and  all  terminal 
connections  are  tight,  the  stacks  may  be  defective  and 
should  be  checked  for  opens  or  shorts. 

b.  If  the  DC  voltage  is  normal  iX  the  rectifier  output 
terminals,  but  no  current  flow  is  indicated  on  the  ammeter, 
make  the  followinr  checks: 

(1)  Check  current  output  with  the  multimeter.  The 
amm'^ttr  m^j  ^  ci'cfective,  the  current  may  be  too  small  to 
register  on  t>ic  meter,  or  connections  and  wiring  may  be 
defective. 

(2)  If  no  current  is  flowing,  there  is  an  opening  in  one 
of  the  external  DC  leads.  Visually  check  for  recent 
excavations  between  the  rectifier,  and  both  the  anode  bed 
and  the  structure. 

(3)  If  the  open  circuit  is  in  the  buried  cable  to  the 
anode  bed,  it  may  be  found  by  using  a  pipeline  locator  or  by 
making  an  over-the-cable  potential  survey  with  the  rectifier 
set  for  minimum  potential.  The  negative  terminal  of  the 
high-resistance  voltmeter  must  be  connected  to  the  negative 
(to  structure)  DC  output  of  the  rectifier  while  the  copper- 
copper  sulfate  electrode  is  moved  over  the  route  of  the 
buried  cable. 

(4)  In  water  storage  tanks,  the  open  circuit  may  be  at 
the  negative  lead  connect  to  the  tank  (bolted  instead  of 

thermite  welded)  or  in  the  conductor  to  the  anodes.  Also, 
the  anodes  may  be  consumed,  the  conductor  may  be  broken 
with  the  :*nodes  lying  at  the  bottom  of  the  tank,  or  the 
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anodes  may  be  above  the  low  water  level.  Generally,  a 
visual  check  will  reveal  these  conditions. 

c.  If  the  output  voltage  is  normal  and  the  amperage  is 
noticeably  lower,  check  to  determine  if  some  of  the  anode 
bed  has  been  lost  through  excavation  or  deteriorated 
connections.  Check  as  in  paragraph  b(3)  above. 

d.  If  the  output  voltage  is  normal  and  the  amperage 
decreases  slowly  over  a  long  period  of  time,  the  anode  bed 
resistance  has  increased  due  to  gas  blockage  or  dry  soil;  or 
the  anodes  may  be  approaching  exhaustion,  requiring 
replacement.  Dry  soil  may  be  suspected  during  the  dry 
season  if  the  anode  installation  is  relatively  new.  Soak  the 
anodes  by  flooding  the  area  to  restore  the  electrolyte.  If  the 
low  amperage  persists,  carefully  uncover  the  tops  of  rJie 
anodes  (do  not  damage  anode  leads  or  header  cable)  and 
backfill  with  pea  gravel  from  the  top  of  'die  coke  breeze  to 
within  6  inches  "  y\  ^  level  to  allow  gas  dissipation.  If 
the  anodes  a:  .ig  their  design  life,  the  first  in  the 
string  may  be  .  ^ted  for  inspection  to  determine  if  the 
anodes  require  replacement. 

e.  If  the  output  voltage  is  very  low  and  the  amperage  is 
very  high,  the  DC  circuit  is  shorted  and  the  structure  is  not 
protected.  Check  the  circuit  in  the  rectifier  and  at  the  output 
terminals. 

/.  Some  rectifier  circuits  include  capacitors,  fusing, 
lightning  arresters,  current  control  rheostats,  and  noise 
interference  filters.  If  this  equipment  fails,  it  may  be 
necessary  to  remove  it  from  the  circuit  until  replacement 
can  be  obtained.  Capacity  of  the  component  must  be 
considered  in  replacement,  particularly  where  evidence  of 
heating  is  found. 

g.  The  most  frequent  impressed  current  system  troubles 
are  blown  fuses,  loose  terminals,  lightning  damage,  faulty 
meters,  and  open  circuit  breakers. 

h.  Table  4-8  contains  additional  troubleshooting 
information . 


Exercises  (450): 

1.  What  will  the  potentia'  *  ^  ilue  read  if  the  protection  is 
good  in  a  galvanic  anor  ystein? 


2.  What  does  a  low  potential  value  indicate  in  a  galvanic 
anode  system? 


3.  What  does  a  sharp  drop  in  potential  at  a  particular 
point  on  the  structure  indicate  in  galvanic  anode 
systems? 
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TABLE4-8 

IMPRESSED  CURRENT  TROUBLESHOOTING 


CONDITION 


CAUSES 


OF 

TROUBLESHOOTING 


REMEDY 


1.  Rectifier  output 
same  as  previous  test. 
Potential  reading  -0.85 
miniinuoi  for  steel. 


System  O.K. 


None  Needed 


None  Needed 


2.  Rectifier  output 
changed  slightly  from 
previous  test.  Poten- 
tial readings  slightly 
lower  or  higher  than 
design  limits. 

3.  ZeroD.C.  Voltage 
Outpuc 


Polarization. 
Electrolyte  resistance 
change.  Extension  or 
retirement  of  small 
percentage  of  structure 
under  protection. 

a.  Faulty  rectifier 
voltmeter  or 
wiring. 

b.  Circuit  breaker 
off  (A.C.) 

c.  Disconnect  switch 
off  or  fuses 
blown  (A.C.; 


d.  A.C.  supply 
interrupted  (A.C. 


e.  Transformer  circuit 
trouble  (A.C.; 


f.  Rectifier  stack 
damage 


Potential  survey  to  determine        Adjust  rectifier 
extent  of  over  or  under  protection,  taps  to  obtain 

desired  protection. 


a.  Check  output  with  multimeter. 
Check  for  loose  connections  or 
broken  wiring. 

b.  Check  for  shorts  or  overload 
caused  breaker  to  open. 

c.  Same  as  above. 


d.  Notify  responsible  electric 
shop  of  the  interruption. 

e.  Check  output  at  fixed  center 
terminals  of  course  and  fine 
tap  adjustments. 


f.  Check  rectifier  input  voltage 
(A.C.)  rectifier  output  voltage 
(D.C.).  Visual  check  for  dirt, 
heat  indications,  and  loose 
connections. 
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a.  Replace  meter 
and  repair 
wiring. 

b.  Repair  damage 

and  close  breakers 

c.  Repair  damage, 
replace  fuses 
and  close 
connect. 

d.  Shop  will 
repair. 

e.  Replace  damaged 
transformer  or 
tighten  tap  j^,.,. 
connections.  oo2 

f.  Tighten  loose 
connections  and 
clean/replace 
damaged  stacks. 
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If  the  structure-to-electrolyte  potential  is  nearer  zero 
than  —0.85  and  the  cause  is  that  the  coating  is 
damaged,  how  would  you  troubleshoot  for  this  fault 
and  how  would  you  remedy  the  problem? 


!f  no  output  voltage  is  shown  on  the  rectifier  meter  and 
there  is  input  voltage  but  no  output  voltage  and  all 
terminal  connections  are  tight,  what  is  the  problem? 


What  is  the  simplest  way  to  troubleshoot  the  rectifier 
unit  in  the  impressed  current  system? 


What  would  cause  the  anode  bed  resistance  to  increase 
slowly  over  a  long  period  of  time? 


9.  List  the  most  frequent  impressed  current  system 
troubles. 


What  should  be  done  to  the  rectillt;  unit  before 
checking  internal  components  for  heat  and  loose 
connections? 


10.  What  should  you  do  if  the  DC  voltmeter  shows  zero 
output  on  a  rectifier  and  the  AC  circuit  breaker  is  off? 
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CHAPTER  5 


Fire  Alarm  and  Intrusion  Alarm  Systems 


FIRE  AND  THEFT  takes  a  tenible  toll  in  both  property  and 
lives,  and  any  loss  in  this  area  is  too  much.  The  Air  Force 
protects  its  property  and  personnel  with  fire  alarm  and 
intrusion  alarm  systems.  The  effectiveness  of  these  systems 
der  ^nds  on  the  installation,  inspection,  and  maintenance 
that  they  receive.  The  primary  method  of  operation  is 
electrical  and,  as  an  electrician,  you  may  be  directly 
involved  in  the  operation  of  these  systems. 

5-1 .  Fire  Alarms 

PP  Fire,  for  millions  of  years,  has  been  man's  most 
versatile  and  powerful  servant.  The  progress  of  the  human 
race's  technology  has  paralleled  its  ability  to  harness  the 
effects  of  heat  energy  in  its  many  forms.  Without  the  advent 
of  this  energy,  it  is  quite  doubtful  that  man  could  have 
survived  through  the  ages.  However,  this  docile  servant 
can,  in  an  instant,  become  a  raging  tyrant,  destroying  that 
which  it  has  created  and  those  which  it  has  served.  It  is  this 
fact  that  has  occupied  man  in  his  endeavors  to  control  his 
servant.  This  control  may  take  the  form  of  a  warning 
system,  a  method  of  extinguishing,  or  a  method  of  isolating 
the  fire  condition.  The  purpose  of  this  unit  of  instruction  is 
to  explore  these  systems. 

451.  Identify  statements  pertaining  to  the  purpose  and 
types  of  fire  alarm  systems. 

Purpose  of  Fire  Alarm  Systems.  Fire  alarm  systems 
provide  a  direct,  intelligible,  and  reliable  means  of 
summoning  the  fire  department  to  a  fire,  thus  reducing  the 
time  between  when  a  fire  is  detected  and  the  time  proper 
firefighting  equipment  arrives  on  the  scene.  It  also  warns 
the  occupants  of  the  structure  that  a  fire  condition  exists  sc 
that  they  mn^  ^ke  /^?»or  tr  remove  then*?'  es 
danger.  S  \cs  oiaiiiis  automaticali>  detect  iires 

and  trans  amm  signals.  Other  systems  such  as  sprinkler 
or  delug  ms  not  only  detect  and  transmit  an  alarm 

signal  but  also  begin  to  extinguish  the  fire  automatically 
before  firefighters  arrive. 

Types  of  Fire  Alarm  Systems.  Fire  alarm  systems  are 
either  coded  or  uncoded  according  to  the  type  of  signal 
transmitted.  The  type  of  system  is  further  broken  down  into 
manual  or  automatic,  depending  on  the  method  of 
actuation. 

Coded  system.  The  coded  systems  transmit,  record,  and 
sound  a  signal  identifying  the  position  of  the  transmitter  or 
actuating  device  from  which  the  signal  originates. 


Uncoded  system.  The  uncoded  alarm  system  provides  an 
audible,  visual,  or  combination  of  signals  but  does  not 
make  a  permanent  record. 

Manual  system.  The  manual  system,  as  its  name  implies, 
requires  manual  operation  for  actuating  the  system  and 
operating  the  transmitter.  In  a  manual  system,  other  than 
fire-reporting  telephones,  signals  originating  from  fire 
alarm  boxes  may  produce  either  coded  or  noncoded  signals. 

Automatic  system.  In  the  automatic  fire  alarm  system,  a 
unit  called  a  detector  is  used.  Detectors  operate 
automatically  in  response  to  flame  or  abnormally  high 
temperatures.  The  systems  may  also  have  manual  stations 
(pull  stations)  to  permit  manual  transmission  of  fire  alarms. 
Automatic  systems  may  produce  either  coded  or  uncoded 
signals. 

Classifications,  The  two  general  system  classifications 
recognized  are  local  and  central  station  systems.  Local 
alarm  systems  are  systems  in  which  the  alarm  or 
supervisory  signal  sounds  in  the  protected  area.  They  are 
primarily  for  notification  of  occupants.  The  central  station 
systems  are  systems  in  which  the  alarm  circuit  sounds  a 
warning  device  in  the  area  protected  but  also  transmits  a 
signal  to  a  central  location,  usually  the  base  fire  department 
alarm  center. 

Electrical  circuits.  The  electrical  circuit  may  be  one  of 
two  different  types,  nonsupervised  or  supervised.  The 
nonsupervised  circuit  is  the  most  simple,  being  made  up  of 
a  source  of  power,  the  manual  activation  station,  and  the 
alarm  buzzer.  In  this  circuit,  a  possible  fault  or 
malfunction,  such  as  loss  of  power  or  a  broken  wire,  could 
occur  without  any  notice  being  given,  thus,  the  fault  might 
go  undetected  for  a  considerable  period  of  time. 

In  the  supervised  circuit,  provivvons  are  made  to  signal 
an  alami  f^r  ilfuscron  iiar  mty  occur.  By  doing  so,  any 
orma  .  .<.itcnce  will  be  signaled  and  dealt  with 
I  tly. 

Exercises  (451): 

Indicate  whether  each  of  the  following  statements  is  true  or 
false  by  placing  a  T  or  F  in  the  blank.  Correct  any  false 
statements. 

 1 .    The  purpose  of  a  fire  alarm  is  to  warn  building 

occupants  of  danger  and  summon  help. 
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2.    A  coded  alarm  system  designates  the  location 
of  the  signal. 


3.    An  uncoded  alarm  system  provides  an  audible 
signal  only. 


4.    M  ^1  us  are  not  coded. 


5.    Automatic  systems  will  always  use  some  form 
of  detector. 


6.    Local  alarms  are  normally  transmitted  to  the 
base  fire  department. 


7.    A  supervised  circuit  will  signal  a  power  failure 
in  the  alarm  system. 


452.  Give  specific  details  about  the  application  and 
theory  of  operation  of  fire  alarm  systems. 

Application  and  Theory  of  Operation.  We  have 
already  covered  transformers,  rectifiers,  batteries, 
magnetism,  and  basic  circuits.  We  will  now  tie  this 
information  together  while  discussing  manual  and 
automatic  fire  alarm  systems  and  their  components. 

Manual  Systems.  The  manual  alarm  system  is  basically 
composed  of  a  power  source,  pull  station  (switch)  circuit 
conductors,  and  bells.  A  basic  manual  system  is  shown  in 
figure  5-1.  When  ihe  pull  station  is  activnicd.  ?  sei  of 
contact  -  ?s  clor-v'  ,  nd  oo^^p^^tes      ^  n'.  -ath  thi;  *^gh  the 

NONSUPERVtSED  CIRCUrT 


POWER  ir* 

SOURCE  —  P'^LL  STATIONS 


Figure  5-1 .  Manual  alarm  system. 
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bell.  The  bells  will  ring  until  the  pull  station  is  restored  to 
normal  condition. 

Supervision.  Supervision  of  fire  alarms  is  common.  This 
additional  circuit  warns  when  operating  capability  is  lost 
through  a  broken  or  shorted  wire  or  loss  of  alarm  circuit 
voltage.  Refer  to  figure  5-2. 

The  supervision  is  provided  in  ti  iowing  way.  The 
source  of  power  in  the  circuit  passes  along  the  line  to  the 
manual  station  and  an  inline  resistor,  the  power  stops  at  the 
manual  station  because  the  contacts  remain  open  until  it  is 
activated  while  the  same  power  goes  to  the  inline  resistor 
and  10  milliamps  are  allowed  to  pass  through  to  hold  open 
the  circuit  to  the  trouble  buzzer  by  means  of  an 
electromagnetic  switch.  As  long  as  power  is  on,  the  circuit 
buzzer  will  not  sound.  When  power  is  interrupted  because 
of  a  broken  or  shewed  wire  in  the  circuit,  or  for  any  reason, 
the  electromagnetic  switch  is  released.  It  closes  on  the 
trouble  buzzer  circuit,  which  has  its  own  source  of  power 
(batteries);  therefore,  the  trouble  buzzer  sounds  until  the 
trouble  is  corrected  or  the  batteries  wear  out. 

The  current  flow  in  the  supervised  circuit  is  oniall, 
usually  10  milliamps  or  less.  The  relays  used  in  these 
circuits  have  small  contacts  and  coils  with  small  wire  and 
lots  of  turns.  Because  of  the  large  number  of  turns  on  these 
coils,  it  is  possible  to  receive  a  severe  physical  shock  from 
the  coil  when  the  circuit  is  broken. 

Testing,  The  system  must  be  arranged  so  that  it  can  be 
tested  periodically.  Such  tests  are  best  conducted  in 
connection  with  evacuation  drills,  and  the  alarms  sounded 
in  the  tests  should  be  the  semie  as  those  produced  under 
anticipated  emergency  conditions. 

The  basic  test  circuit  is  shown  in  figure  5-3.  The  10- 
milliamp  current  flows  through  the  trouble  buzzer  as 
before,  but  also  flows  through  an  additional  alarm 
electromagnetic  switch  and  a  manual  by  operated  set  of 
contacts.  The  manual  contacts  are  wired  the  same  as  a  pull 
station.  The  10-milliamp  circuit  is  not  strong  enough  to 
energize  the  alarm  electromagnr'  r« w  ^^t  f>  v/pens  if  the 
pull  station  is  activated?  The  ^  ^  ^^^  ;siOi  i:>  shuntec  or 
byjNassed,  and  the  Yall  voltage  .rent  from  the  p*wer 

supply  pass  through  the  alarm  eit  jmagnet  switch,  r^his 
will  energize  the  bell  Viih  the  additional  manual  contacts 
on  the  alarm  electrot.  ignet  we  can  test  the  alarm  bell  by 
pushing  the  contacts  closed  and  simulate  activating  a  pull 
station. 

Automatic  System.  Most  automatic  fire  alarm  systems 
operate  by  varying  the  current  flow  through  a  network  of 
circuits.  Current  flow  is  changed  by  increasing  the  voltage 
applied  to  the  circuit  or  the  resistance  in  the  circuit.  The 
amount  of  resistance  in  the  circuit  can  be  increased  or 
decreased  by  relays,  which  would  change  the  characteristic 
of  the  circuit. 

Automatic  detectors  can  be  considered  as  switches  in  the 
system.  There  are  many,  many  types  of  detectors;  but  all 
detectors  are  either  open  or  closed.  Detectors  may  operate 
on  fixed  temperature,  rate  of  rise  sampling,  smoke  or 
combustion-particles,  flame  flicker  or  photo  conductive 
principles. 

The  automatic  alarm  using  open  type  detectors  works  on 
the  same  principle  as  the  pull  station.  The  detector  contacts 
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Figure  5-2.  Supervised  alarm  system. 
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are  normally  open  but  close  when  activated,  completing  the 
alarm  circuit. 

The  closed-type  detector  works  on  the  principle  of  the 
supervisory  circuit.  A  balanced  milliamp  current  flows 
through  the  detector  contacts.  When  the  detector  activates, 
the  contacts  open,  breaking  current  flow  through  the 
circuit.  However,  instead  of  a  trouble  signal,  a  fire  signal  is 
activated. 

Exercises  (452): 

I .  What  are  th;^  basic  components  of  a  manual  fire  alarm 
system? 


2.  What  is  the  operating  principle  of  a  manual  alarm 
system? 


3.  Why  would  you  install  a  supervised  alarm  system? 


4.  What  operates  the  trouble  buzzer  in  a  supervised  alarm 
circuit  when  AC  power  fails? 


5.   What  function  does  the  test  switch  serve  in  an  alarm 
system? 


6.   What  is  the  operating  principle  of  an  automatic  alarm 
system? 


7.  Automatic   detectors   are   basically   what   type  of 
electrical  component? 


8.  What  happens  to  the  contacts,  on  a  closed  type 
detector,  when  it  activates? 


453.  Restate  specific  details  of  instnllation,  maintenance, 
and  repair  of  fire  alarm  systems. 

Installation    and    Connection    Procedures.  The 

following  general  guidelines  will  help  you  to  install  and 
connect  a  fire  protection  system. 


u.  All  systems  shall  be  installed  in  a  workmanlike 
manner  and  in  accordance  with  the  specifications  and 
standards  approved  by  the  major  command. 

b.  At  the  request  of  the  major  command,  complete 
information  regarding  the  system,  including  specifications, 
wiring  diagrams  and  floor  plans,  shall  be  submitted  for 
approval  prior  to  installation  of  equipment  or  wiring. 

c.  All  inside  wiring  shall  conform  with  the  requirements 
of  the  National  Electrical  Code  (Article  725)  for  class  1 
signal  systems.  Flexible  cords  described  in  Article  400  shall 
NOT  be  used. 

d.  Cable  operating  at  150  volts  or  less,  shall  be  solid 
copper  conductors,  not  less  than  No.  14  AWG  for  single- 
and  two-conductor  cables,  not  less  than  No.  18  AWG  for 
three-  and  four-conductor  cables,  and  not  less  than  No.  22 
AWG  for  cables  having  more  than  four  conductors. 

e.  Cable  may  be  installed  exposed  or  concealed  in  a 
ceiling  and  in  a  side  wall  if  not  less  than  7  feei  from  the 
floor  and  protected  from  injury.  Cable  installed  less  than  7 
feet  from  the  floor  shall  be  installed  in  conduit  or  other 
approved  raceway. 

/.  The  power  supply  circuit  shall  be  connected  on  the  line 
side  of  the  main  service  and  have  a  means  of  disconnect. 

g.  No  other  ircuits  except  those  specified  are  to  be 
connected  to  fire  alarm  circuits. 

h.  All  wiring  for  fire  alarms  will  be  kept  entirely 
independent  of  regular  building  wiring.  Separate  raceways, 
conduits  and  boxes  will  be  provided  for  fire  alarm  circuits 
only. 

/.  Equipment  should  be  designed  and  installed  to  prevent 
tampering.  Pull  stations  shall  be  mounted  at  every  outdoor 
exit,  a  minimum  of  4!/2  feet  from  the  floor. 

Installing  Detectors.  The  installation  of  detectors,  when 
total  coverage  is  required,  shall  include  all  rooms,  halls, 
storage  areas,  basements,  attics,  lofts,  spaces  above 
suspended  ceilings,  inside  closets,  elevator  shafts,  inclosed 
stairways,  and  accessible  under-floor  spaces. 

When  you  begin  installing  the  detectors,  they  must  be 
supported  by  a  box  or  fitting  independent  of  the  circuit 
conductors.  NEVER  recess  a  detector  in  any  way  into  the 
mounting  surface. 

The  alarm  circuits  should  be  color  coded  for  maintenance 
and  troubleshooting.  All  accessible  connections  should  be 
soldered  to  prevent  potential  opens. 

The  remainder  of  the  installation  and  connection 
procedures,  for  your  alarm  circuits,  are  the  same  as  for  any 
other  electrical  circuits. 

For  additional  information  as  to  where  to  install  a  fire 
alarm  system,  consult  Chapter  13  of  AFM  88-15,  Air  Force 
Design  Manual— Criteria  and  Standards  for  Air  Force 
Construction.  The  installation  instructions  are  found  in 
AFM  91-37,  Maintenance  of  Fire  Protection  Systems. 

Inspection    and    Maintenance    Procedures.  The 

schedule  for  inspecting  and  testing  installed  fire  protection 
systems  is  outlined  in  AFR  92-1 ,  Fire  Protection  Progrcm, 
Chapter  2.  The  inspection  and  maintenance  performed  by 
CE  Shops  are  included  in  the  appropriate  recurring 
maintenance  program  as  outlined  in  chapter  5  of  AFR  85-1 . 
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Installed  fire  protection  systems  require  the  coordinated 
actions  of  civil  engineering  shop  crafts  personnel  and  fire- 
protection  specialists  if  they  are  to  be  properly  inspected, 
tested,  and  maintained.  Each  base  develops  a  civil 
engineering  operating  instruction  that  directs  the  actions 
necessary  to  insure  system  reliability. 

Because  of  the  variations  in  equipment  fioni  different 
manufacturers  and  the  numerous  types  of  circuits  and 
devices  installed,  specifically  in  overseas  areas  where 
systems  have  been  installed  by  the  host  country,  it  is 
important  to  have  the  following  reference  materials 
available:  wiring  and  equipment  schematic  diagrams,  as 
huilt  drawings,  and  manufacturers'  technical  data  and 
system  revision  information.  Reference  materials  should  be 
maintained  in  the  technical  services  section. 

General  Maintenance.  General  maintenance 
procedures  include  periodic  testing,  cleaning,  and 
adjustment.  When  performing  tests  which  cause  sounding 
of  audible  and/or  visual  signals,  inform  the  building 
occupants  of  your  actions  to  prevent  possible  panic . 

Your  shop  maintenance  action  sheets  may  have  the 
following  items  listed  for  periodic  maintenance: 

(1)  Check  primary  power  for  :t  10  percent  deviation. 

(2)  Check  secondary  power  supply  at  the  rectifier. 

(3)  Inspect  and  clean  batteries  and  terminals. 

(4)  Perform  random  sample  operation  of  pull  stations  and 
detector  heads. 

(5)  Secure   all   equipment   and   terminals   to  normal 
operation. 

You  can  see  by  this  list  that  maintenance  is  primarily  a 
visual  and  operational  check.  Your  installed  systems  may 
require  further  actions. 

Troubleshooting,  Most  manufacturers  provide  detailed 
installation  and  setup  procedures  for  their  equipment.  A  few 
voltage  readings  at  the  control  punel  should  pinpoint  the 
trouble.  The  most  frequent  problems  occur  at  the  wire 
terminations,  by  corrosion  or  broken  conductors.  The 
termination  points  are  in  the  control  cabinet,  at  the 
det'jctors,  and  at  the  indicating  or  sounding  devices.  These 
are  the  points  where  wires  are  usually  disconnected  for 
testing  or  replacing  defective  equipment.  The  wires  can  be 
damaged  in  reconnecting  to  the  terminals. 

Most  automatic  alarm  systems  are  installed  in  LOOPS. 
A  loop  is  an  alarm  circuit  installed  in  a  portion  of  the 
building  under  protection.  Normally,  each  loop  will  also 
have  a  corresponding  lamp  on  the  control  cabinet  door. 
Take  a  three-story  building  as  an  example.  A  loop  may  be 
installed  for  each  floor.  Or  it  may  be  installed  in  one  half  of 
each  floor.  This  serves  two  major  purposes.  First,  the 
firefighters  can  tell  what  portion  of  the  building  the  alarm 
was  transmitted  from.  Second,  it  also  helps  us,  the 
electricians,  in  troubleshooting  when  a  fault  develops  in  the 
system.  Remember,  the  only  troubles  possible  are  OPENS, 
SHORTS .  or  GROUNDS . 

We  have  covered  troubleshooting  in  previous  chapters; 
however,  one  thing  unique  to  an  alarm  circuit  is  the  loop. 
Once  you  determine  which  loop  is  defective,  you  can 
troubleshoot  it  very  easily.  Break  the  circuit  electrically  in 
half.  That  means  if  there  are  20  detectors  installed  on  the 
LOOP,  open  the  circuit  at  the  eleventh  detector  and  use 
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meters  to  check  back  to  the  control  unit  and  forward  to  the 
end  of  the  loop.  One  reading  should  be  good,  and  the  other 
will  show  the  fault.  Then,  split  the  faulty  portion  in  the 
center  again.  You  should  eventually  eliminate  good  wiring 
and  pinpoint  the  bad  device  or  piece  of  cable. 

Repair  and  replacement.  Fire  alarm  detectors  are 
normally  sealed  units  and  not  repairable.  They  should  be 
disposed  of  properly  or  packaged  and  shipped  back  to  the 
manufacturer.  Replace  detectors  with  the  same  type  of 
detector  removed. 

Wire  can  be  replaced  by  using  the  defective  conductors 
as  a  pull  wire.  ALWAYS  tag  any  conductors  disconnected 
for  troubleshooting  or  repair. 

When  the  fault  is  located  and  repaired,  reconnect  all 
wires  and  test  the  system  by  actuating  an  initiating  device. 
Inform  the  base  fire  department  when  the  alarm  system  is 
restored  to  service . 

Exercises  (453): 

1 .  Who  has  the  final  approval  authority  for  installation  of 
a  fire  alarm  system? 


2.  Single  cables  operating  at  150  volts  shall  be  what 
minimum  size? 


3.  Cable  installed  less  than  7  feet  from  the  floor  must  be 
installed      in    or  approved 


4.  The   power   supply    must   be   connected   to  che 
 side  of  the  main  service. 


5.  Pull  stations  must  be  mounted    feet 

from  the  floor. 


6.  Never  a  detector  in  any  way  into  the 

mounting  surface. 


7.  Alarm     circuits     should     be     color-coded  for 
 and  _  


8.  What  Air  Force  regulation  gives  a  schedule  for 
inspecting  and  testing  install;  ^  fire  alarms? 


9.  What  reference  materials  should  be  avaiia.  !c  when 
inspecting  and  testing  installed  fire  alp  ■''^'? 


:  '    Main:cr..:..:c     fjf    fire    alarms    is    primarily  a 
 and  check. 


1 1 .  Where  do  the  most  frequent  problems  occur  in  fire 
alarm  wiring? 


12.  What  is  one  method  of  troubleshooting  a  fire  alarm 
LOOP? 


13.  What  kind  of  replacement  is  required  for  faulty 
detec*ors? 


5-2.  Intrusion  Alarms 

So  many  types  of  intrusion  alarm  systems  or  combination 
systems  arc  available  today  that  a  detailed  discussion  here 
would  not  be  practical.  All  alarm  systems  are  of  a  special 
nature,  and  no  two  systems  will  ever  be  identical. 

We  will  cover  one  intrusion  system  developed  to  be  used 
by  all  branches  of  the  service.  This  system  is  called  Joint 
Services  Interior  Intrusion  Detection  System  (JSIIDS).  Tlie 
system  has  been  designed  to  protect  small  arms, 
ammunition,  and  sensUive  materials  in  storage. 

454.  Restate  information  pertaining  to  the  purpose  and 
components  of  JSIIDS. 

Purpose.  JSIIDS  was  designed  to  detect,  not  prevent  an 
attempted  intrusion.  The  main  purpose  of  JSIIDS,  or  any 
alarm,  is  to  give  tiie  earliest  possible  notice  of  an  attempted 
intrusion.  The  more  notice  the  reaction  force  (Security 
Police)  has  before  the  intruder  gets  past  the  outer 
boundaries,  the  better  the  chance  that  the  intruders  will  be 
caught. 

Components.  The  various  components  of  JSIIDS  aie 
two  general  classes,  the  control  unit  and  its  sensor 
components  and  the  monitor  and  display  equipment. 

Control  unit.  The  control  unit  is  the  central  control 
element  of  the  JSIIDS.  It  is  located  within  the  protected 
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area.  It  receives  and  processes  the  ininision  tamper  and 
duress  alarm  signals  generated  at  the  sensors. 

The  control  unit  contains  an  emergency  standby  (battery) 
power  supply  with  ^.n  automatic  switchover  when  primary 
AC  power  is  lost.  It  operates  in  much  the  same  manner  as 
the  emergency  lights  discussed  earlier. 

The  JSUDS  mode  of  operation  is  controlled  by  a  key 
:iwitch  mounted  on  the  control  unil  door.  Three  modes  of 
operation  are  provided. 

(1)  Secure — when  the  protected  area  is  not  open  to 
authorized  personnel.  In  this  mode  all  alarms  are  processed. 

(2)  Access — when  the  area  i>>  open  to  authori/.ed 
personnel.  In  this  mode,  only  tamper  and  duress  alarms  axe 
processed. 

(3)  Test/Reset — when  electricians  like  us  perfonn  tests 
and  maintenance.  All  alarms  are  processed,  and  a  sounding 
device  operates  for  10  seconds  at  the  control  unit  to  aid  in 
testing. 

Sensor.  There  arc  four  clas.ses  of  sensor  co.nponents 
associated  with  the  control  unit.  They  are  classified  as: 

(1)  Penetration  sensors — those  designed  to  detect 
penetration  into  the  protectcri  area,  thrt  ugh  doors, 
windows,  walls,  floors,  ceilinf^s  and  other  openings  in  the 
room. 

(2)  Motion  sensors — thosf  designed  to  detect  movement 
of  a  person  within  the  protected  area . 

(3)  Point  sensors — those  designed  to  detect  the  attempted 
removal  of  an  item  from  its  normal  position  in  the  protected 
area,  like  a  rifle  from  a  weapons  rack. 

(4)  Duress  sensor — those  designed  to  be  activated  by 
guard  personnel  to  call  for  help  under  a  duress  situation. 

Monitor  cabinet.  The  monitoring  and  display  equipment 
is  the  primary  notification  equipment  of  the  JSIIDS.  The 
monitor  cabinet  has  a  self-contained  signal  module  and 
primary  and  emergency  power  supply.  The  signal  module 
displays  the  status  of  the  monitor  cabinet  power  supply  ;  that 
is,  operation  on  the  primary  or  emergency  power  source. 

Display  equipment.  The  display  equipment  is  located  in 
an  area  where  monitoring  personnel  are  on  duty  24  hours  a 
day.  The  monitoring  equipment  consists  of  a  status  module 
or  an  alarm  module,  one  for  each  control  unit. 

Status  monitor  module.  The  status  monitor  module 
displays  the  status  and  mode  of  operation  of  one  control 
unit.  By  looking  at  the  lights  on  the  status  monitor  module, 
the  monitoring  personnel  can  tell  what  is  taking  place  in  the 
protected  structure. 

Alarm  monitor  module.  The  alarm  monitor  module  is 
used  in  the  monitor  cabinets  when  only  an  alarm  indication 
is  required. 

Exercises  (454): 

1 .  What  is  the  main  putpose  of  any  intrusion  alarm? 
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2.  What    are    the    two    general    classes    of  JSIIDS 
components? 


3.  Where  is  the  control  unit  installed? 


4.  What  happens  when  primary  power  is  lost  to  the 
control  unit? 


5.  Name  the  three  modes  ot  operation  of  a  JSIIDS. 


6.  What  control   unit   sensor   is   designed  to  detect 
movement  within  the  protected  area? 


7.  What  does  the  signal  module  in  the  monitoring  cabinet 
display? 


8.  What  monitor  module  is  used  in  the  monitoring 
cabinet  to  display  mode  changes  in  the  protected  area? 


455.  Give  specific  details  about  the  operation^ 
installation,  and  connection  of  the  JSIIDS. 

Theory  of  Operation.  JSIIDS  operates  on  the  basic 
theory  of  a  20-volt  DC  circuit,  with  less  than  2,000  ohm 
resistance  being  supplied  to  the  detector  or  detector 
processors.  This  voltage  is  provided  from  the  control  unit. 
A  rise  in  ohmic  value  of  the  circuit  to  100  thousand  ohms 
will  trigger  an  alarm  or  tamper  condition  in  the  control  unit. 

If  you  think  about  that  for  just  a  minute,  isn't  that  the  way 
our  supervised  fire  alarm  circuit  operated?  Sure  it  is!  One 
main  point  to  remember  in  any  alarm  system  is  that  a  small 
change  in  current  flow  (less  than  one-tenth  of  an  amp)  can 
be  used  to  activate  an  alarm.  Our  basic  Ohm's  law  proved 
that  a  rise  in  resistance  will  cause  a  drop  in  amperage  in  the 
same  circuit. 

When  the  control  cabinet  receives  an  alarm  or  tamper 
signal,  it  then  transmits  the  signal  over  telephone  lines  to 
the  monitor  cabinet. 

Installation.  The  installation  of  components  of  the 
JSIIDS  must  comply  with  the  current  edition  of  the  National 
Electrical  Code  (NFPA  No.  70)  and  with  the  following 
requirements  for  mounting,  conduits,  and  conductors. 


Component  mounting.  Wall-mounted  components  are 
designed  to  be  held  by  fasteners  that  are  accessible  only 
through  the  open  door  or  cover  of  the  component.  Conduit 
holes  should  be  cut  in  the  inclosure  before  it  is  mounted  if 
they  are  not  already  provided.  All  holes  should  be  made 
with  a  1/2-inch  chassis  punch.  NEVER  use  a  hole  saw, 
since  it  produces  metal  shavings  that  can  harm  the 
performance  of  the  equiprncat. 

Conduit.  All  conductors  except  phone  lines  outside  the 
protected  area  will  be  installed  in  rigid  galvanized  steel 
conduit  or  intermediate  metal  conduit  in  accordance  with 
aniclc  345  of  the  NEC.  Conduit  outlet  boxes,  pull  boxes, 
junction  boxes,  conduit  fittings  and  similar  inclosures  shall 
be  cast  metal  or  malleable  metal,  with  threaded  hubs  or 
bodies.  Conduit  for  JSIIDS  circuits  shall  contain  no 
building  wiring. 

Minimum  size  conduit  shall  be  1/2  inch.  All 
requirements  for  tapered  threads,  supports,  bends, 
locknuts,  and  bushings  are  the  same  as  discussed  under 
hazardous  wiring. 

Covers  on  pull  and  junction  boxes  used  in  installation  o 
the  system  will  have  a  tamper  switch  installed,  or  be  tack 
welded,  brazed,  or  filled  with  epoxy,  or  provided  with  twist 
off  screws. 

Interior  conductors.  Power  conductors  for  120- VAC 
power  to  control  units  and  monitor  cabinets  shall  be  solid 
copper  no  smaller  than  No.  14  AWG,  type  RW  or  RH-RW 
or  THW  insulation. 

Low-voltage  conductors  shall  be  no  smaller  than  No.  22 
AWG.  They  shall  be  installed  using  crimp-on  spade 
terminal  lugs  at  all  wire  connections  to  threaded  screws  on 
component  terminal  boards. 

All  neutral  conductors  and  noncurrent-carrying  metal 
parts  of  equipment  will  be  grounded. 

A  wiring  diagram  of  the  installed  system  will  be  drawn 
up  for  each  protected  area.  The  diagram  should  indicate 
which  sensors  are  installed  and  show  color-coded 
interconnections  between  each  sensor  and  the  control  unit. 
The  diagram  will  aid  in  maintenance  and  troubleshooting. 
The  diagram  should  be  classified  confidential  and  placed  in 
an  appropriate  security  container. 

Connection.  All  installation  requirements  and 
component  connections  for  the  JSIIDS  are  found  in  the 
Technical  Order  series  3159-4.  Foldouts  are  provided  in 
block  diagrams  for  each  component  used  by  the  JSIIDS. 
One  point  you  should  remember  is  that  JSIIDS  components 
are  manufactured  by  several  manufacturers  using 
Government  specifications.  Always  check  the  terminal 
boards  before  connecting  your  conductors.  One  system  may 
have  the  terminals  numbered  from  left  to  right,  but  the  next 
system  you  install  may  be  numbered  from  right  to  left. 
Always  check  before  you  connect. 

Exercises  (455): 

1 .  What  is  the  normal  NO  ALARM  voltage  of  a  JSIIDS 
circuit  to  the  detectors? 
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I.  What  causes  an  ALARM  condition? 


3.  Why  should  you  never  use  a  hole  saw  when  installing 
JSIIDS  equipment? 


4.   What  are  the  requirements  for  securing  covers  on  pull 
and  junction  boxes  used  in  installiriiz  the  system? 


5.  What  are  the  smallest  conductors  allowed  for  120- 
VAC  power  and  low-voltagc  circuits,  respectively? 


6.  What  are  the  requirements  of  the  diagram  made  for  an 
installed  svstem? 


7.  What  is  the  technical  order  series  that  covers  the 
installation  and  connection  for  the  JSIIDS? 


456.  Restate  information  pertaining  to  the  maintenance, 
troubleshooting,  and  repair  of  the  JSIIDS. 

Maintenance.  The  JSIIDS  should  be  inspected  on  a 
monthly  basis  as  part  of  your  shop*s  recurring  maintenance 
program.  Always  inform  the  reaction  force  or  law 
enforcement  desk  before  you  begin.  The  system  is 
vulnerable  to  compromise  during  maintenance,  and  for  this 
reason,  the  alarm  crew  should  request  a  security  person  to 
accompany  them  for  their  own  protection.  You  should  alter 
the  schedule  of  your  inspections  with  a  different  routine 
each  month. 

General  maintenance  of  the  JSIIDS  includes  a  visual 
inspection  of  all  equipment,  conduits,  and  boxes.  Look  for 
signs  of  tampering,  loose  straps,  or  screws  and  observe  the 
general  condition  of  flexible  cords  or  conduits. 

Perform  an  operational  test  of  all  installed  sensors,  check 
the  power  supply  for  proper  voltages,  and  check  the 
condition  of  the  battery.  Return  all  functions  of  the  system 
to  normal  operation  and  call  the  law  enforcement  desk 
before  leaving. 

Maintenance  procedures  for  the  control  unit  and  each 
sensor  component  are  listed  separately  in  the  T.O.  series 
3159-4. 

Troubleshooting.  The  JSIIDS  was  designed  for  fast, 
easy  troubleshooting.  Inside  the  control  unit  is  a  component 
called  the  status  processor. 

Mounted  inside  the  processor  are  printed  circuitboards 
(PCB).  There  is  one  PCB  for  the  duress  switches  and  one 


for  each  group  of  additional  sensors.  This  means  that  the 
group  of  motion  sensors  terminate  to  one  PCB,  the  door 
CO  ts  to  another  PCB,  and  so  on.  Installed  in  the  last 
PCju  are  light  emitting  diodes  (LED).  The  LED  looks  Vkc  a 
small  red  lamp  that  illuminates  when  the  processor  rec  ves 
the  initial  alarm  input.  The  LED  will  remain  illumiiiated 
until  the  system  is  reset. 

When  you  open  the  control  unit  door»  you  can  see 
immediately  what  sensor  group  triggered  an  alarm  by 
checking  for  an  illuminated  LED. 

Each  PCB  has  test  points  for  a  voltmeter.  The  status  of 
each  sensor  group  can  be  checked  at  these  test  points  for  a 
tamper  or  alarm  condition.  An  alarm  condition  will  give  a 
20-VDC  reading.  When  the  problem  is  cleared  and  the 
system  is  reset,  the  voltage  should  drop  off  to  zero. 

Most  system  malfunctions  and  troubles  will  come  from  a 
faulty  power  supply.  The  JSIIDS  requires  a  constant  20 
VDC  ±  I  volt  to  operaie.  When  the  power  supply  starts 
breaking  down,  the  voltage  will  start  creeping  up  or  down. 
A  voltage  reading  of  less  than  19  WDC  or  more  than  2 1 
VDC  requires  the  replacement  of  the  power  supply. 

A  complete  troubleshooting  chart  of  the  control  unit  and 
individual  sensors  is  available  in  the  T.O.  series  3159^. 

Repair.  The  major  JSIIDS  components  are  designed  in 
modules.  Repairs  to  the  system  are  normally  made  by 
replacing  the  defective  module.  An  example  is  the  power 
supply.  It  can  be  replaced  after  disconnecting  and  tagging 
all  conductors  and  removing  four  screws.  The  status 
processor  can  also  be  replaced  by  removing  four  screws,  or 
a  single  PCB  in  the  processor  can  be  replaced  by  a  snap  and 
pull  action.  The  new  PCB  is  then  inserted  back  into  the 
processor. 

Minor  repairs  can  be  completed  with  the  aid  of  a 
soldering  gun.  These  components  are  toggle  switches,  fuse 
holders,  the  mode  switch,  and  so  on. 

Your  main  concern  is  to  repair  the  system  as  soon  as 
possible  and  bring  it  back  on-line.  The  defective 
components  can  ^hen  be  shipped  back  to  depot  for 
replacement. 

The  main  point  to  remember  when  replacing  JSIIDS 
components  is  to  TAG  YOUR  CONDUCTORS.  One 
conductor  out  of  place  can  cause  you  hours  of  downtime 
troubleshooting. 

Exercises  (456): 

1.  Why  should  the  alarm  crew  alter  their  maintenance 
schedule  each  month? 


2.  What  T.O.  series  cover  maintenance  procedures? 


3.  What  is  the  purpose  of  the  light-emitting  diodes  inside 
the  status  processor? 
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4.  What  voltage  reading  should  you  have  on  the  PCB  test         6.  Repairs  to  the  major  components  are  normally  .nade 
piMnts  for  an  alarm  condition?  For  no  alarm?  by  what  action? 


7.  What  is  your  main  concern  when  repairing  the  system? 

5.  What  arc  the   minimum  and  maximum  voltages 

allowed  from  the  power  supply  before  it  must  be         8.  What  is  the  main  point  to  remember  when  replacing 


replaced?  JSUDS  components? 
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CHAPTER  6 


Contingency  Responsibilities 


DURING  YOUR  past  experience  in  the  Air  Force,  your 
primary  concern  has  only  been  yourself  and  your 
relationship  to  the  job  at  hand.  As  you  progress  in  the  Air 
Force,  your  responsibilities  will  also  increase.  How  you 
accept  these  additional  responsibilities  will  affect  not  only 
you  but  the  people  around  you.  The  ability  to  get  the  job 
done  under  difficult  situations  sometimes  has  less  to  do  with 
the  skill  to  do  it  than  the  attitudes  toward  the  job  at  hand.  As 
you  progress,  you  will  be  responsible  for  the  workers  that 
you  supervise  as  well  as  for  your  own  personal 
performance.  In  some  contingency  operations  you  may  be 
the  senior  man,  with  the  outcome  of  the  situation  resting 
squarely  on  your  ability  to  get  the  job  done.  Getting  the  job 
done  will  depend  on  keeping  your  people  safe,  well,  and  in 
good  spirits,  as  the  situation  permits.  They  must  believe  in 
you,  trust  you,  and  follow  your  directions.  They  are  going 
to  look  to  you  as  an  example  both  on  and  off  the  job.  It  is  a 
difficult  task.  How  well  you  accomplish  it  will  have  a 
definite  effect  on  getting  the  job  done  right  and  on  time  as 
well  as  bringing  your  people  through. 

6<1.  Field  Sanitation  and  Hygiene 

In  field  conditions,  field  sanitation  control  and  personal 
hygiene  are  going  to  be  very  important  in  maintaining  the 
health  of  the  work  force.  It  is  an  established  fact  that  most 
lost  time  under  field  conditions  is  due  to  illness  caused  by 
stomach  problems  and  parasites.  Most  stomach  illnesses 
can  be  traced  to  poor  field  sanitation  situations,  while  most 
parasite  problems  can  be  traced  to  poor  personal  hygiene. 
Control  of  disease  and  pestilence  can  be  traced  directly  to 
the  thought  and  care  given  to  field  sanitation  and  personal 
hygiene. 

457.  Differentiate  between  acceptable  and  unacceptable 
field  sanitation  methods. 

Waste  Disposal.  While  the  particular  situation  will 
dictate  what  method  of  field  sanitation  is  used  to  dispose  of 
v^aste,  the  prime  factor  is  to  make  sure  that  all  waste  is 
properly  disposed  of.  Early  stages  of  the  operation  may 
require  primitive  methods  of  disposal;  but,  seeing  that 
disposal  is  made  is  very  important.  Empty  ration  cans, 
wrappings,  and  other  such  litter  that  is  left  about  not  only 
serves  as  a  food  supply  and  breeding  ground  for  pests  but 
also  can  give  away  your  position  to  the  enemy.  Bury  litter 
to  protect  yourself  two  ways.  Make  sure  that  your  people 
understand  and  comply  with  proper  waste  disposal 
methods.  For  a  small  contingent  of  personnel,  a  simple  pit 
where  waste  food  and  containers  can  be  deposited  will  be 
sufficient.  If  the  garbage  is  covered  with  a  layer  of  dirt  after 

139 

EKLC 


use,  then  pests  are  denied  a  breeding  place  and  food  supply, 
and  the  area  is  kept  clear  of  debris.  With  larger  groups,' 
incineration  as  well  as  burial  may  be  the  best  mefhod. 

Human  waste  must  likewise  be  properly  disposed  of. 
Care  in  site  selection  must  be  used.  Normally  this  site 
selection  will  be  the  responsibility  of  the  medical  or 
veterinary  section  of  the  contingent.  They  will  also 
determine  the  type  and  capacity  of  the  facilities  that  are 
required.  Your  job  is  to  see  that  the  facilities  provided  for 
proper  human  waste  disposal  are  used  by  all  hands.  Failure 
to  enforce  proper  disposal  will  result  in  a  potential  disease 
situation.  Many  stomach  problems  are  related  directly  to 
human  waste  disposal.  Loss  of  personnel  to  sickness  means 
either  a  failure  to  complete  assigned  tasks  or  that  the 
remaining  personnel  are  going  to  have  to  work  longer  hours 
to  make  up  for  people  who  are  not  available.  Since  it  w  ill  be 
your  job  to  see  that  the  job  is  completed  on  schedule,  it  is  in 
your  best  interest  to  see  that  your  people  do  not  take 
chances  that  can  result  in  their  being  ineffective 

Personal  Hygiene.  Equally  important  to  field  sanitation 
are  facilities  that  can  provide  for  maintaining  personal 
hygiene  of  the  participants.  This  equipment  can  be 
improvised  to  provide  showers,  hand  washers,  or  shaving 
facilities  from  barrels,  helmets,  and  scrap  lumber.  See 
figures  6-1  and  6-2.  It  is  imperative  that  proper  water 
quality  be  maintained  and  used.  Impure  water  carries  a 
multitude  of  problems.  Be  sure  that  the  improvised 
materials  used  are  clean  and  free  of  rust  or  other 
contaminants.  Good  water  can  become  polluted  by  poor 
sanitary  measures  used  in  its  transportation  or  distribution. 
Remember  that  lack  of  water  intake  can  cause  dehydration 
in  any  climate,  hot  or  cold.  A  rule  of  thumb  for  temperate 
climates  is  5  gallons  of  water  per  day  per  man  for  drinking 
and  cooking. 

Exercises  (457): 

Identify  acceptable  field  sanitation  practices  by  placing  an 
X  in  the  space  provided. 

 1.    In  early  contingency  stages,  refuse  can  be 

buried. 

 2.    Garbage    disposal    can    be    left    to  the 

environmental  control  specialists. 
 3.    Waste  disposal  sites  should  be  selected  by  the 

medical  or  veterinary  personnel. 

 4.    Water  is  safe  as  long  as  it  is  clear  and  running. 

 5.    It  is  not  necessary  to  purify  water  used  for 

bathing. 

 6.    Human  waste  is  responsible  for  many  stomach 

problems. 
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Shaving  and  washin9  device.  cne-40 


Figure  6-1 .  Shaving  and  washing  device. 


Mounted  inxyertect  drum  whthh^r^ 


Figure  6-2.  Mounted  inverted  drum  shower. 


458*  Identify  factors  involved  in  the  personal  well-being 
of  individuals  during  contingency  operations. 

Many  factors  will  be  involved  in  the  well-being  of  people 
in  a  contingency  situation.  These  factors  will  include 
personal  hygiene,  foot  care,  diet,  exercise,  and  mental 
condition.  We  will  cover  these  factors  one  by  one. 

Personal  Hygiene.  Since  most  contingency  operations 
are  going  to  creatr  a  large  ai.  ount  of  dust,  dirt,  and  sweat, 
personal  cleanliness  will  be  a  f  actor.  The  chance  to  clean  up 
after  a  day  of  hard  work  is  something  that  most  people  look 
forward  to.  If  facilities  are  readily  available,  most 
individuals  will  avail  themselves  of  the  opportunity  to  clean 
up  and  put  on  fresh  clothes,  but  the  more  energy  and 
innovation  required  to  do  this,  the  less  likely  individuals  are 
to  make  the  effort. 

Although  proper  advice  and  instructions  have  been  given 
by  medical  and  dental  personnel >  some  people  will  ignore 
the  warnings,  claiming  they  are  **too  tired"  or  **not  feeling 
good."  These  few  can  make  life  miserable  for  everyone. 
Try  to  get  them  straightened  out  as  quickly  as  possible  to 
reduce  the  possibility  of  their  infecting  the  whole  group, 
both  mentally  and  physically. 

Mental  Attitudes.  Good  mental  attitudes  among  all 
personnel  are  of  vital  importance  to  the  success  of  this  type 
of  unusual  situation.  It  requires  the  best  of  all  members  of 
the  group  as  far  as  getting  the  job  completed  on  time.  One 
or  two  members  who  do  not  pull  their  fair  share  of  the  load 
will  affect  the  whole  group  in  two  ways.  First,  the  other 
members  must  do  the  work  of  the^e  **free  loaders"  and 
will,  therefore,  give  up  the  r?st  they  should  have.  The 
second  factor  is  even  more  important:  seeing  that  these 
members  are  not  doing  their  fair  share  of  the  work  will  have 
a  detrimental  morale  effect  on  the  members  who  are 
contributing  to  the  success  of  the  mission.  This  will  cause  a 
letdown  of  all  members  and  a  general  breakdown  in 
efficiency. 

**Firm  but  fair"  should  be  your  guideline  in  dealing  with 
this  situation.  What  people  are  capable  of  doing  has  a  lot 
more  to  do  with  their  mental  attitude  than  with  their 
physical  condition.  It  is  very  seldom  that  people  are  pushed 
to  their  physical  limits.  Their  abilities  to  perform  and 
survive  are  far  greater  than  most  of  them  would  believe. 
More  will  quit  because  of  mental  fatigue  than  because  of 
physical  fatigue.  Part  of  your  job  will  be  to  stress  the 
importance  of  the  operation  and  to  reiterate  its  importance 
and  progress  from  time  to  time.  Realize  that  people's 
attention  is  divided  by  tension,  stress,  discomfort,  fear,  and 
fatigue  and  may  wander  from  the  prime  mission  at  hand. 
Let  know  how  they  are  doing.  Set  them  an  example,  and 
most  of  them  will  surprise  you  with  their  ability  to  perform . 

Foot  Care.  Foot  care  must  begin,  if  at  all  possible,  well 
before  the  contingency  operation  begins.  Foot  care  and 
footwear  go  hand  in  hand.  Improper  footwear,  either 
because  of  fit  or  type,  will  cause  foot  problems. 

The  foot  wear  selected  for  wear  during  this  type  of 
exercise  must  be  sturdy  enough  to  stand  the  wear,  worn 
enough  to  be  comfortable  during  long  hours  on  your  feet, 
and  the  proper  type  for  the  climatic  conditions  in  which  you 
will  be  working.  It  must  protect  your  feet  without  binding, 
rubbing,  or  chafing.  Blisters  or  corns  and  calluses  can 
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develop  very  rapidly  when  a  person  is  on  his  feet  for  long 
periods.  If  the  boots  and  socks  become  wet,  the  likelihood 
of  foot  trouble  is  increased.  Should  mud,  dirt,  or  sand  enter 
the  boots  or  shoes  there  is  a  possibility  of  more  serious  foot 
trouble. 

Remind  your  people  of  ways  to  protect  their  feet:  clean 
socks,  dry  shoes,  and  foot  massage  are  factors  that  will 
reduce  foot  trouble.  Proper  and  early  attention  to  protect 
blisters  or  chafmg  is  important.  Additional  protection  by 
use  of  Band-Aids  or  pads  will  prevent  further  damage. 
Long  periods  where  feet  are  wet  can  result  in  trench  or 
immersion  foot.  Under  certain  situations  and  conditions, 
trench  foot  can  totally  disable  an  individual.  Foot  massage 
and  dry  footwear  are  the  best  methods  of  reducing  or 
preventing  this  condition.  Even  if  dry  shoes  are  not 
available,  foot  massage  and  dry  socks  on  a  daily  basis  will 
nonnally  retard  the  onset  of  this  condition.  You  should 
stress  these  facts  to  you.*  people  prior  to  and  during 
contingency  operations. 

Diet.  It  would  be  wise  to  forego  food  prepared  by  the 
local  populace  for  several  reasons.  First,  in  terms  of  this 
country's  standards,  the  sanitary  conditions  under  which  the 
food  is  grown  and  prepared  in  most  foreign  countries  leaves 
something  to  be  desired.  Second,  by  the  stress  under  which 
you  will  be  working  is  not  conducive  to  normal  digestion. 
Thirdly,  spices  and  seasonings,  as  well  as  other  ingredients, 
used  in  foreign  dishes  can  cause  digestion  problems. 
Combine  all  of  these  factors  and  your  people  can  be 
incapacitated  just  as  effectively  by  stomach  upsets  as  they 
can  by  enemy  fire. 

It  is  important  that  all  hands  receive  proper  nourishment 
during  periods  of  great  activity.  While  field  rations  will 
never  be  mistaken  for  good  home  cooking,  they  will 
provide  all  the  nourishment  that  you  require  if  you  eat 
them.  You  should  remember  that  all  the  extra  exertion  that 
you  will  be  using  is  going  to  cause  extra  sweat  and, 
therefore,  a  loss  of  body  minerals.  Extra  salt  with  your  food 
will  help  to  replace  salt  that  is  lost  through  sweating. 

Contaminated  or  dirty  eating  utensils  are  a  major  source 
of  infection.  Extra  care  should  be  taken  in  scrubbing  and 
sterilizing  mess  kits.  Kits  should  be  cleaned,  washed  in 
soapy  water,  rinsed  in  hot  water,  then  dipped  in  clear, 
boiling  water  to  sterilize  them. 

Exercise.  Most  of  your  people  will  get  plenty  of  exerciss 
during  the  early  stages  of  a  contingency  operation,  since 
establishing  perimeters,  digging  defensive  positions, 
setting  up  camps,  and  performing  job  specialties  will 
require  all  their  time.  During  this  time  sore  muscles, 
bruises,  and  strains  will  be  common  because  of  the  different 
and  more  strenuous  activities  that  these  workers  will  be 
doing.  As  the  situation  stabilizes  and  activities  reduce  in 
intensity,  a  program  of  exercise  and  recreation  will  need  to 
be  developed  to  take  up  some  of  the  spare  time  and  to 
provide  an  alternate  source  for  burning  excess  energy. 
Some  members  of  the  group  will  be  interested  in  team 
sports,  while  others  will  not.  All  members  should 
participate  in  some  form  or  organized  exercise  program  for 
their  own  health  and  well-being.  Insist  that  all  participate 
in  some  form  of  exercise  and  not  spend  excessive  time 
alone  or  apart  from  the  group.  This  can  lead  to  poor  mental 
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health  from  having  too  much  lime  to  brood  on  their 
particular  situation. 

Mental  Condition.  Probably  the  most  difficult  of  all 
factors  to  control  is  the  mental  state  of  the  individuals 
involved  in  an  unusual  situation.  Since  each  person  in  the 
group  has  had  different  experiences,  different 
environments,  and  diff^^rent  relationships,  each  response  to 
the  same  stimuli  will  most  likely  be  different.  To  maintain 
an  effective  force  you  must,  to  a  certain  extent,  maintain  an 
effective  state  of  mind  in  the  group. 

Several  factors  will  be  involved  in  maintaining  this  state 
of  mind  of  the  group.  Each  factor  is  important  but  not 
necessarily  of  equal  importance  to  each  individual.  The  first 
of  these  factors  is  training.  If  individuals  know  their  jobs 
and  all  aspects  of  these  jobs,  they  will  have  less 
apprehension  and  stress  in  doing  the  jobs  as  required. 

The  second  factor  is  information.  Provide  information, 
both  good  and  bad,  to  the  team  as  you  receive  it.  If 
individuals  feel  infonned,  they  feel  more  competent  to 
handle  whatever  comes.  They  will  feel  more  confident  in 
the  leaders  of  the  exercise  and  the  overall  probability  of 
success  if  they  are  informed.  Surprises  and  confusion  as  to 
what  is  required  are  causes  of  apprehension  and  stress. 

A  third  factor  toward  mental  well-being  is  a  team  spirit. 
If  the  group  as  a  whole  believes  in  the  group  as  individuals, 
the  chances  for  success  are  greatly  increased.  The  success 
of  the  team  as  a  whole  then  becomes  of  greater  importance 
than  the  individual  comforts.  Quite  often  a  situation  that  has 
gone  sour  will  be  rescued  by  great  individual  efforts  in  the 
name  of  the  group.  Try  to  develop  pride  in  the 
accomplishments  of  the  group. 

Another  factor  is  your  ability  to  listen  and  counsel 
individuals  as  the  situation  requires.  The  ability  to  go  one- 
on-one  with  your  workers  and  to  see  their  point  of  view 
while  keeping  the  mission  in  focus  and  resolving  the 
problem  so  that  all  concerned  are  left  in  a  tolerable  situation 
is  the  mark  of  a  good  supervisor.  This  requires  an  ability  to 
listen,  analyze,  empathize,  summarize,  and  reach 
acceptable  solutions  to  varied  problems.  If  you  are  able  to 
do  this,  you  will  have  workers  who  will  move  mountains 
when  the  time  comes.  The  statement,  ** Praise  in  public, 
counsel  in  private"  should  be  a  guidepost  on  every 
supervisor's  road  to  tlie  proper  frame  of  mind  for  each 
person  with  whom  the  supervisor  has  contact. 

Exercises  (458): 

Complete  the  following  statemen.  i  that  concern  the 
personal  well-being  of  individuals  during  contingency 
operations. 

1.  Proper  dental  advice  and  instructions  will  be  provided 

—  and  personnel. 

2.  Stress,    fatigue,    and    tension    will    affect  the 

 condition  of  an  individual  more  than 

his  or  her  condition. 

3.  Footwear  selected  for  a  contingency  operation  should 
be  selected  for  the  climatic  conditions  involved  and 
should  be  well  , 

4.  Two  factors  that  will  reduce  the  chance  of  trench  foot 
are  and  foot  . 
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5.  To  replace  minerals  lost  through  sweating  add  extra 
 to  your  food. 

6.  All  members  should  engage  in  a  regular  program  of 
 when  possible. 

7.  The  first  factor  involved  in  the  proper  menial  condition 
of  your  people  is  

6*2.  Self-protection  from  ExtrGnrse  Weather 

Because  of  the  commitments  of  the  United  States,  you 
must  be  prepared  for  a  contingency  operation  anywhere  on 
earth.  This  means  that  you  must  be  able  to  operate  and 
survive  in  any  type  of  extreme  weather  condition.  In  order 
to  do  this,  you  must  understand  the  conditions  and  effects  of 
extreme  weather. 

459.  Identify  factors  pertaining  to  protection  from 
extreme  weather. 

Desert  Conditions.  Usually,  one  thinks  of  sand  dunes 
and  camels  when  one  hears  the  term  * 'desert. "  While  this 
picture  is  correct  in  a  very  limited  degree,  the  usual  desert  is 
more  likely  to  be  one  of  rock  and  scrub  vegetation.  It  is 
mostly  rock  because  the  top  soil  has  been  carried  away  by 
wind  due  to  a  lack  of  surface  moisture,  and  it  is  scrub  for 
the  same  reasons.  Because  of  this  lack  of  moisture, 
temperatures  are  extreme.  While  days  are  very  hot,  nights 
are  very  cold.  Weather  changes  tend  to  be  sudden  and 
violent.  Rain,  when  it  falls,  causes  sudden  flooding  because 
no  topsoil  or  vegetation  is  available  to  hold  or  slow  the 
runoff.  Sites  can  become  quagmires  where  no  equipment 
can  move  until  the  water  dries  up.  While  rains  are  rare,  they 
can  halt  work  very  effectively. 

Normally,  humidity  will  be  very  low  in  desert  areas  and 
personnel  will  not  notice  the  large  amounts  of  body  fluids 
that  they  lose,  because  sweat  will  evaporate  so  rapidly. 
Dehydration  is  a  real  and  ever-present  danger.  Make  sure 
that  individuals  are  provided  with  sufficient  water  as  well  as 
salt  to  replace  salt  loss  due  to  sweat. 

Wear  proper  and  adequate  clothing.  Head  covering  is 
very  important  in  preventing  sun  related  health  problems 
such  as  sunstroke  and  heat  exhaustion.  While  some 
members  will  wish  to  work  without  shirts  and/or  in  shorts, 
this  is  not  a  good  idea.  Outer  garments  will  collect  sweat, 
which  will  aid  in  body  cooling  and  also  prevent  sunburn. 
Shoes  should  be  sturdy  to  protect  the  feet  from  rocks  and 
thorny  growths. 

Most  vegetation  will  be  hard,  stiff,  and  protected  by 
spines  of  other  projections ►  Most  reptiles  and  a  large 
percentage  of  the  insects  of  these  regions  will  be  poisonous. 
Take  extra  care  to  shake  out  clothing  and  footwear  before 
dressing  each  morning,  as  scorpions  will  get  into  them  at 
night  seeking  warmth.  Do  not  neglect  any  type  of  insect  bite 
or  sting.  Both  domestic  and  wild  animals  are  sources  of 
parasites  and  should  be  avoided.  If  you  expect  to  be  out 
after  sunset,  carry  extra  clothing,  since  the  temperature  will 
drop  rapidly. 

Jungle  Conditions.  Basically,  there  are  two  types  of 
jungle  terrain.  These  are  the  mountainous  rain  forest  and 
the  lowland  or  coastal  types.  In  both  cases,  your  problems 
will   center   on    an    overabundance   of  moisture  and 
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vegetation.  Trying  to  cope  wiih  these  two  things  is  almost  a 
full  time  job. 

Vegetation  grows  rapidly,  continually,  and  piolifically. 
It  must  be  constantly  controlled  and  disposed  of.  When  the 
vegetation  is  removed,  you  have  mud.  The  constant 
moisture  rusts  equipment,  rots  cloth,  and  mildews  leather. 
The  vegetation  and  moisture  combine  to  provide  a  perfect 
breeding  ground  for  insects,  reptiles,  and  rodents.  Parasites 
are  found  in  large  quantities.  Cuts,  blisters,  or  scrapes  are 
difficult  to  heal  and  have  a  tendency  to  become  infected. 
Heat  and  humidity,  along  with  insects,  make  rest  difficult 
to  obtain.  Personnel  often  do  not  eat  properly  and,  strange 
as  it  may  seem  in  all  the  moisture,  often  become 
dehydrated.  As  a  supervisor  you  will  be  taken  to  your 
limits  to  get  the  work  out,  keep  your  people  well,  and  help 
them  keep  up  their  morale. 

Frequent  rest  periods  are  necessary  due  to  the  heat  and 
humidity.  Extra  salt  is  required  because  of  excessive 
sweating.  Good  personal  hygiene  will  reduce  the  likelihood 
of  lost  time  due  to  illnesses. 

Cold  Ciimat\'s.  Cold  climates  create  special  problems  in 
the  areas  of  tools,  personnel  protection,  and  equipment.  In 
addition,  extreme  conditions  of  blizzards  or  ice  fogs  (white 
out)  can  immobilize  a  project  for  extended  periods. 
Survival  can  become  a  fulltime  occupation  under  these 
conditions. 

Clothing  is  of  primary  consideration.  Layers  of  clothing 
are  preferred  over  single,  bulky  garments.  Particular 
attention  must  be  paid  to  hands,  feet,  and  head  as  far  as 
protection  is  concerned.  Glove  liners  need  to  be  worn  with 
mittens.  Footwear  needs  to  be  made  up  of  layers  of 
clothing  and  should  not  bind  or  restrict  circulation.  Socks 
that  become  damp  with  perspiration  need  to  be  changed  at 
the  fu^t  opportunity.  All  clothing  should  be  loose  enough  to 
allow  for  circulation  of  air  to  czury  away  perspiration.  Head 
covering  is  very  important,  not  only  to  reduce  the 
possibility  of  freezing  ears,  nose,  or  cheeks,  but  also  to 
reduce  the  body  heat  loss  from  the  head. 

Tools  and  equipment  pose  special  problems  in  extremely 
cold  weather.  Steel  becomes  brittle,  lubricants  become 
solids,  tolerances  change,  and  contractions  of  metals  break 
joints  and  welds.  Bare  skin  can  freeze  instantly  to  cold 
metal  with  disastrous  results. 

Advise  your  people  of  the  pitfalls  of  cold  climates  prior 
to  deployment.  Observe  them  closely  during  periods  of 
activity.  Institute  a  * 'buddy  system"  so  that  they  will  watch 
each  other  for  evidences  of  frostbite  or  other  dangers 
attributable  to  cold  climate  operation. 

Should  the  contingency  operation  take  place  during  the 
sunmier  months  of  the  arctic  season,  other  problems  will 
arise.  Insects  become  a  major  problem  during  this  period. 
Mosquitoes,  black  gnats,  and  deer  flies,  all  blood  feeders, 
abound  in  this  area  and  can  become  very  dangerous  to  an 
unprotected  person.  Check  the  headnets,  gloves,  and  insect 
repellant  of  all  members  before  they  are  sent  out.  Excess 
water  and  mud  are  another  summer  problem.  Trench  or 
inmiersion  foot  can  develop  during  this  period.  Foot  care 
and  massage  should  be  emphasized.  During  both  the 
sunmier  and  the  winter  seasons  in  arctic  areas  dehydration 
is  likely. 
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Exercises  (459): 

Mark  the  correct  statements  with  an  X  in  the  space  provided 
and  change  the  incorrect  statements  so  that  they  are  correct. 

 I .    A  desert  is  most  likely  to  be  made  up  of  sand. 


.2.    Desert  nights  are  cold. 


.3.    Head  covering  in  the  desert  will  help  prevent 
sunstroke. 


.4.    Desert  footwear  should  be  thin  and  soft. 


-5.    There  are  two  basic  types  of  jungle. 


.6.    Jungle  moisture  will  not  affect  equipment. 


.7.    One   danger    in   a  jungle   environment  is 
dehydration. 


.8.    In  an  arctic  condition,  several  layers  of  clothing 
are  better  than  one  bulky  outer  garment. 


.9.    In  a  cold  climate,  footwear  should  fit  snugly. 


10.    Blood-feeding  insects  will  be  present  in  arctic 
winter  seasons. 


11.    A  "buddy  system"  is  used  so  that  each  person 
can  watch  the  other  for  early  signs  of  frostbite. 


12.    Trench  foot  will  be  a  health  hazard  in  arctic 
winters . 


6-3.  Work  Party  Security 

The  worldwide  commitments,  plus  the  many  different 
types  of  contingency  operations  that  you  may  be  involved 
with,  make  it  difficult  to  set  up  hard  and  fast  rules  for  work 
party  security.  Some  basic  i*ules  that  apply  to  most 
situations  deal  with  cover  and  concealment,  fire  discipline, 
offensive  and  defensive  positions,  and  communications. 
While  you  will  not  be  expected  to  be  a  trained  infantryman, 
you  should  have  a  basic  understanding  of  military  tactics 
necessary  for  you  to  help  with  your  own  work  party 
security. 

460.  Identify  proper  work  party  security  techniques. 

Cover  and  Concealment.  Cover  and  concealment  are 
necessary,  whether  on  offense  or  defense.  When  moving  on 
an  assault  or  sweeping  action,  use  natural  cover  and 
concealment  such  as  brush,  ditches,  trees,  or  grass  to  break 
up  your  outline  or  to  protect  you  from  flat  trajectory  fire. 
When  using  grass  as  cover,  do  not  move  in  a  straight  line, 
since  the  movement  of  the  grass  could  easily  give  your 
position  away.  When  possible,  try  to  move  or  change 
positions  during  times  of  distraction  such  as  wind,  rain, 
dust,  or  any  such  period  when  the  enemy  might  be 
distracted  by  outside  forces.  Move  in  short  rushes,  picking 
out  your  next  point  before  you  leave  the  cover  where  you 
are.  Stay  away  from  ridge  lines,  open  spaces  in  woods  or 
fields,  and  other  areas  that  can  outline  you  as  an  open 
target.  Stay  low  and  look  through  or  around  brush  or 
obstructions.  Avoid  unnecessary  movement.  Never  come 
out  of  cover  at  the  same  place  you  went  in. 

From  a  defensive  position,  use  natural  material  for  cover. 
Grass,  b.*ush,  trees,  or  rock  will  break  up  your  outline. 
Shadows  provide  good  cover.  Try  to  avoid  symmetrical 
patterns  when  constructing  parapets  or  firing  points  and 
foxholes.  Use  brush  and  rocks  to  break  up  outlines.  Avoid 
leaving  raw  earth  or  dead  camouflage  brush  around  the 
defensive  position.  You  should  also  keep  the  area  policed 
up  of  ration  cans,  cigarette  butts,  paper,  or  any  material  that 
can  draw  attention  to  or  give  away  the  position.  Keep 
movement  to  an  absolute  minimum.  Movement  is  the 
easiest  thing  to  spot.  You  can  move  your  eyes  without 
moving  your  head. 

Offensive  positions.  Fighting  holes  differ  quite  a  bit 
between  offense  and  defense.  When  moving  on  offense, 
you  will  use  mostly  natural  depressions,  ditches,  rocks,  and 
trees  as  protection.  Should  a  fire  fight  develop,  a 
skirmishers'  trench  can  be  quickly  constructed.  This  is  a 
low  trench  in  which  the  dirt  removed  from  the  ti  nch  is 
piled  between  you  and  the  enemy.  This  provides  a  l  ighting 
hole  that  provides  protection  from  low-trajectory  fire. 

Defensive  positions.  Defensive  positions  may  start  from 
the  skirmishers'  trench  but  should  be  developed  as  quickly 
as  possible  to  the  foxhole.  The  foxhole  is  the  basic 
defensive  fighting  point.  Normally,  the  foxhole  will  be 
developed  as  a  two-man  fighting  position  and,  as  time  and 
materials  permit,  will  be  developed  to  a  covered  bunker, 
complete  with  firing  slits  and  cleared  field  of  fire. 
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Communications.  Battle  area  communications  are  very 
important  for  two  reasons.  First,  all  members  of  the  team 
need  to  know  what  is  going  on  in  order  to  provide  a 
concentrated  effort  when  needed.  The  second  reason 
concerns  morale.  In  this  type  of  high-stress  situation,  not 
knowing  what  is  going  on  will  create  fears,  doubts,  and 
possible  panic.  This  will  also  lead  to  mistakes,  i>oor  fire 
discipline,  and  further  breakdown  of  communications. 

As  the  leader  of  a  group,  it  is  your  job  to  see  that  every 
member  **gets  the  word."  Know  and  practice  hand  signals 
tc  be  used.  Know  the  type  of  electrocommunication 
equipment  available  and  its  operation.  Position  yourself  so 
^  -It  you  can  relay  instructions  rapidly  and  accurately  to 
J  our  people.  Assure  that  your  people  know  the  signs  and 
countersigns  and  passwords  for  each  time  frame. 

Fire  Discipline.  Nothing  gives  away  inexperienced 
troops  as  quickly  as  poor  fire  discipline.  Stress  the  fact  that 
targets  must  be  identified.  Indiscriminate  firing  of  weapons 
will  not  only  give  away  positions  and  numbers  but  will  do 
little  lO  no  damage  against  seasoned  troops.  Firing  without 
specific  orders  may  warn  and  allow  enemy  troops  to  escape 
a  well  conceived  trap.  Only  in  the  case  of  an  all-out  assault 
by  large  numbers  of  enemy  should  individuals  fire  without 
specific  orders.  This  should  happen  only  after  the  enemy 
has  passed  a  predetermined  *Tire  at  will"  point.  Even  at 
ihis  point  the  fire  should  be  controlled.  Aim  fire  where  the 
target  is  identified  and  each  round  expended  is  delivered  on 
target.  Volume  automatic  fire  is  generally  ineffective 
unless  delivered  on  troop  concentrations  or  vehicles. 

The  normal  fire  command  will  be  given  in  a  certain 
sequence  that  will  alert  the  people  involved,  give  the 
general  direction,  a  specific  point  if  applicable,  the  specific 
type  of  target,  the  range  in  meters,  the  type  and  amount  of 
fire,  and  the  command.  An  example  of  a  fire  command 
would  be: 

Squad  (number  of  people  to  deliver  fire). 
Right  front  (general  direction). 
Red  bam  (reference). 
Right  comer  (specific  reference). 
Automatic  rifle  (specific  target). 
Two  zero  five  (range  in  meters). 
Three  raunds  (type  and  amount  of  fire). 
On  my  command  (when  to  fire). 
Fire  (deliver  fire  on  target). 

This  type  of  fire  control  is  then  capable  of  delivering  a 
concentration  of  fire  on  a  specific  target.  Fire  discipline  is 
the  result  of  much  practice. 

All  facets  of  work  party  security  must  be  coordinated.  No 
one  part  is  sufficient  into  itself. 

Exercises  (460): 

1.  Place  an  X  by  those  statements  that  identify  proper 
work  party  security  techniques. 

 a .    When  on  patrol ,  keep  to  the  open  spaces . 

 b.    When  establishing  a  defensive  position, 

use  natural  terrain  features  to  break  up 

outlines  when  possible. 
 c.    Automatic  fire  is  more  effective  than 

semiautomatic  fire. 
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 d.    Trash  and  litter  can  give  away  a  defensive 

position. 

 e.    Normally,  defensive  foxholes  will  provide 

protection  for  two  people. 
 f.    Make  sure  that  your  people  have  the 

correct  information 
 g.    A    fire    command    provides  specific 

information. 

6-4.  Transporting  Injured  Personnel 

Many  factors  ne^^d  to  be  considered  when  moving  or 
transporting  an  injured  person.  Whenever  possible,  this  task 
is  best  performed  by  qualified  medical  personnel.  If  it  is  not 
possible  to  obtain  medical  personnel  or  if  the  situation  does 
not  permit  the  lapse  of  time  required  to  obtain  such  help, 
you  may  be  required  to  move  wounded  personnel  without 
their  assistance. 

461.  Identify  statements  that  relate  to  moving  and 
transporting  of  injured  personnel. 

Whenever  possible,  transporting  an  injured  person 
should  be  accomplished  using  a  litter.  This  is  safer  for  the 
victim  and  easier  on  you.  There  may  be  circumstances  that, 
because  of  time,  location,  or  situation,  make  it  impossible 
to  use  a  litter.  In  these  circumstances  you  may  have  to 
provide  manual  transportation.  Where  possible,  transfer  the 
victim  to  a  litter  as  soon  as  practicable.  The  situation  quite 
often  dictates  the  manual  method  that  you  will  use.  Try  to 
ascertain  the  extent  of  the  injury  prior  to  transporting.  If  the 
person  is  conscious,  he  or  she  may  be  able  to  provide 
information  on  the  injury  and  cooperate  in  the 
transportation. 

Manual  Movement  of  the  Victim.  Whenever  possible 
use  two  people  to  transport  the  victim.  This  will  make  it 
easier  on  both  the  victim's  and  the  carriers.  The  type  and 
extent  of  the  victims  injuries  will  dictate  the  method  used. 
Two  methods  are  shown  in  figures  6-3  and  6-4. 

When  transporting  a  victim  by  yourself,  the  fireman's 
carry  is  the  easiest  method.  See  figure  6-5. 

The  arms'  carry  can  be  used  for  short  distances  and  for 
placing  the  victim  on  a  litter.  The  victim  should  be  carried 
high  to  reduce  carrier  fatigue.  See  figure  6-6. 

If  the  victim  is  conscious,  either  the  supporting  carry  or 
the  saddleback  carry,  as  appropriate,  could  be  used.  These 
two  carries  are  shown  in  figure  6-7.  With  the  support  carry, 
you  will  be  serving  as  a  crutch  for  the  victim;  and  the 
distance  that  this  carry  will  work  will  depend  on  how  far  the 
victim  can  walk  or  hop.  With  the  saddleback  carry,  the 
victim  must  be  able  to  hang  onto  the  rescuer. 

There  may  be  situations  in  which  you  cannot  stand  erect 
to  carry  the  victim.  In  a  battlefield  condition,  to  stand  erect 
would  be  to  draw  enemy  fire.  In  the  case  of  a  natural 
disaster,  such  as  a  tornado,  where  buildings  have  collapsed 
or  blown  down,  there  may  not  be  room  to  stand  erect.  In 
this  case  you  may  have  to  drag  the  victim  to  a  point  where 
you  can  use  a  carry.  If  possible,  position  victims  on  their 
backs,  legs  straight,  and  arms  secured  in  their  belts.  The 
simplest  drag  is  to  seize  the  collar  of  the  victim  and  use  it  to 
drag  him  or  her  out  of  the  immediate  danger  area.  If  time 
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Figure  6-4.  Two-person  fore-and-aft  carry. 


Figure  6-6.  Arms' 


carry. 
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Figure  6-7.  Suppomng  and  saddleback  carry. 


and  conditions  permit,  place  the  victims  on  their  backs  with 
their  arms  at  their  sides.  Place  your  hands  under  their 
armpits  and  seize  their  outer  garments  in  your  hands.  You 
can  now  back  out  of  the  area,  dragging  the  victim  to  a  place 
where  other  means  of  transporting  can  be  used.  See  figure 
6-8. 


Figure  6-8.  Cradle-drop  drag. 


Exercises  (461): 

Indicate  in  the  space  provided  whether  each  of  the 
following  statements  is  true  or  false. 

 1 .    In  all  injury  cases,  speed  is  the  prime  concern. 

 2.    When  possible,  a  litter  should  be  used  to 

transport  injured  personnel. 
 3.    When  you  can,  use  two  people  to  transport  a 

victim. 

 4.    The  fireman's  carry  is  the  eas  -st  method  to 

carry  a  victim  by  yourself. 
 5.    Never  drag  a  victim. 
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CHAPTER  7 


Contingency  Training 


THE  ABILITY  to  go  anywhere  on  earth  and  establish  and 
maintain  an  operational  air  base  has  for  some  time  been  one 
of  the  major  Air  Force  goals.  While  a  great  amount  of 
experience  has  been  accumulated  in  this  area  over  the  past 
years,  it  is  becoming  more  and  more  apparent  that,  in  the 
light  of  world  conditions,  even  more  progress  must  be  made 
toward  this  goa'.  To  accomplish  this  state  of  readiness, 
more  versatility  and  ingenuity  are  being  required  of  each 
Air  Force  member.  It  is  no  longer  enough  that  you  be  able 
to  maintain  an  established  wiring  system  in  a  well  defined 
base  facility.  Now  you  must  be  able  to  handle  this  job  under 
the  most  adverse  conditions.  Not  only  must  you  be  able  to 
perform  your  normal  tasks  but  you  may  be  called  on  to  help 
out  in  other  career  fields  in  emergencies.  Even  the  number 
of  different  types  of  situations  that  you  may  encounter  will 
be  difficult  to  say.  Basically  we  will  limit  these  to  a  few 
general  modes.  In  each  of  these  basic  situations  we  will 
discuss  expedient  field  methods  that  you  may  be  required  to 
employ  to  get  the  job  done. 

7-1.  Expedient  Field  Methods 

The  methods  that  you  will  use  to  do  your  job  in  a 
contingency  situation  will  depend  on  the  particular 
situation.  While  air  transportable  electrical  kits  and 
collapsible  shelters  have  been  developed  for  specific  types 
of  contingency  situations,  personal  experience  has  been  that 
you  are  quite  likely  to  end  up  with  fur  parkas  on  Guam  and 
suntan  lotion  in  Alaska.  Where  the  situation  is  not  intended 
to  be  permanent  or  of  long  duration,  or  where  some  local 
housing  is  available,  you  may  not  have  the  kits  and  will 
have  to  rely  on  the  local  market  for  your  materials.  Since  a 
large  percentage  of  the  rest  of  the  world  is  somewhat  behind 
us  in  wiring  requirements,  you  may  not  be  able  to  procure 
materials  that  you  would  normally  use  and  will  therefore 
have  to  use  what  you  can  get.  What  you  can  get  will  be 
determined  by  local  wiring  methods. 

462.  Specify  acceptable  expedient  methods  for 
constructing  service  entrances. 

Expedient  Service  Entrances.  It  may  become 
necessary  to  build  service  entrances  with  expedient 
methods  and  materials  in  the  aftermath  of  either  natural  or 
manmade  disasters.  These  installations  would  be  intended 
as  temporary  measures  only  and  would  be  upgraded  as  the 
situation  stabilizes  or  used  where  the  base  is  intended  only 
as  a  one-time,  short-term  situation. 

If  service  entrance  cable  is  available,  a  weather  head  can 
be   formed   with  plastic   electrician's   tape   that  will 


effectively  seal  moisture  out  of  the  cable  installation  for 
service  entrance.  See  figure  7-1.  Individually  insulateu 
wires  can  be  bundled,  tied  with  marline,  and  wrapped  with 
tape  to  form  a  service  entrance  cable.  Should  plastic  tape 
not  be  available,  friction  tape  can  be  used  to  wrap  the  cable; 
however,  if  friction  tape  is  used,  it  should  be  coated  with 
varnish  to  render  it  waterproof  before  it  is  installed.  Care 
must  be  used  when  stapling  this  entrance  cable,  to  preclude 
breaking  the  varnish  seal. 

Normally,  splitbolt  connectors  or  compression  splices 
will  be  used  to  connect  the  service  entrance  conductors  to 
the  service  drop  conductors.  In  an  emergency,  where  both 
conductors  are  solid,  terminal  loops  can  be  turned  in  the 
conductors  and  a  bolt  with  two  washers  can  be  used  to  make 
the  connection.  This  connection  should  be  taped  on  all  hot 
(unidentified)  conductors,  but  is  not  required  for  the  neutral 
(identified)  conductor.  See  figure  7-2 

If  circuit  breaker  panels  or  mains  are  not  available,  light 
loads  can  be  protected  by  using  safety  switches  for  service 
equipment.  It  may  be  necessary  to  bridge  one  set  of  contacts 
inside  the  switch  so  that  the  neutral  will  be  a  solid, 
unbroken  circuit.  The  hot  (unidentified)  circuits  can  then  be 
fused  to  the  proper  ampacity  through  the  operating 
contacts.  See  figure  7-3.  Remember  that  this  is  an 
emergency  situation  and  that  the  fuses  should  be  well  below 
the  ampacity  of  the  branch  circuits  installed  to  protect  the 
insulation  of  these  branch  circuits.  Under  any 
circumstances,  some  method  must  be  provided  to  open  all 
the  circuits  within  the  structure  with  a  maximum  of  five 
hand  motions. 


Exercises  (462): 

Identify  acceptable  methods  for  installing  service  entrances 
by  placing  an  X  by  the  acceptable  method. 

1 .  Which  of  the  following  conductors  may  be  substituted 
in  a  service  entrance? 

 a.  Service-entrance  cable. 

 b.  Bare  #4  aluminum 

 c .  Bare  #  1 2  copper. 

 d.  #4  TW  if  taped  and  varnished. 

2.  Which  of  the  following  can  be  substituted  for  service 
equipment? 

 a.    Circuit  breaker  panels. 

 b .    Handy  boxes . 

 c.    Safety  switches. 

 d.    Junction  boxes. 
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Figure  7-1 .  Taped  weather  head. 


Figure  7-3.  Safety  switch  as  service  equipment. 


Figure  7-2.  Emergency  connection. 
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463.  Describe  alternate  branch  circuit  methods  that  may 
be  used  in  contingency  situations. 

Expedient  Branch  Circuits.  One  method  of  wiring 
branch  circuits  in  a  contingency  situation  is  an  old  method 
that  was  used  for  years  and  was  highly  acceptaole  as  a 
method  prior  to  the  development  of  newer  materials.  This 
system  is  called  knob  and  tube.  Basically  a  knob  and  tube 
system  is  a  positive  (unidentified)  conductor  bus  and  a 
negative  (identified)  conductor  bus  run  in  an  overhead 
space,  such  as  an  attic,  with  the  conductors  supported  on 
porcelain  split  insulators  that  are  fixed  to  the  ceiling  joists 
with  nails.  See  figure  7-4. 

Circuits  are  established  as  required  by  tapping  into  the 
positive  bus  wire  ceuried  on  insulators  to  the  fixture,  then 
from  the  fixture  tc  the  switch  and,  finally,  back  and  tapped 
into  the  negative  bus  wire.  See  figure  7-5.  Where  the 
conductors  pass  through  floors,  ceilings,  walls,  or  other 
solid  wood  structures,  the  wire  is  insulated  by  installing 
porcelain  tubes.  See  figure  7-6. 

Originally  all  taps  had  to  be  covered  first  with  rubber  tape 
and  then  with  friction  tape.  The  v/ire  was  insulated  with  an 
asphalt  mixture  covered  w-.th  a  cotton  braid.  The  bus  wires 
are  normally  quite  a  bit  lar,?er  than  the  wires  used  to  supply 
the  separate  devices. 


148 


602 


Figure  7-4.  Porcelain  splilinsulator. 
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Figure  7-5.  Knob  and  tube  circuit. 


As  you  can  see,  a  well  installed  knob  and  tube  system  is 
an  extremely  well  ventilated  and  reliable  system.  They  are 
however,  quite  cosUy  in  time  to  build.  Poorly  made  taps 
will  cause  arcing  and  loss  of  power.  Overloading  of  the 
system  will  cause  the  wire  to  sag  and  overheat  and  can  very 
easily  cause  fires  if  the  overload  continues. 

Quite  often  an  adaption  of  this  system  incorporated  the 
use  of  a  twisted  pair  of  stranded  copper-coated  conductors, 
insulated  with  rubber,  and  then  covered  with  a  glazed 
cotton,  with  green  and  yellow  braid.  The  pair  would  be 
separated  for  the  distance  required  to  make  the  bus  taps.  At 


the  point  of  separation,  a  ceramic  cleat,  such  as  shown  in 
figure  7-7,  would  be  used  to  secure  the  twisted  pair  to  the 
stmcture.  The  proper  length  of  cord  would  be  measured  off, 
cut,  and  a  drop  socket  attached  by  use  of  an  underwriters 
knot  and  screw  terminals.  Since  the  drop  socket  nonnally 
incorporated  a  switch  of  either  the  key  type  (turn)  or  the 
chain  pull  (lavaliere),  control  of  the  lamp  was  at  the  fixture. 
Since  few-to-no  duplex  outlets  were  nin  with  this  system,  it 
quickly  led  to  Y  sockets  and  Y  sockets  in  Y  sockets  so  that 
the  circuit  was  overloaded  to  the  danger  p.  nt  very  quickly. 

Either  of  these  wiring  methods  is  efficient  and  quite  safe 
if  properly  installed  and  not  overloaded.  A  large  part  of  the 
world  still  uses  these  systems  today  because  they  can  be 
installed  for  less  material  cost  than  any  other  system. 

The  very  latest  factory  wiring  systems  (bus  and  clip) 
make  use  of  the  principle  of  efficiently  placing  equipment 
or  tools  where  needed  and  reduce  the  number  of  wall  and 
floor  circuits.  In  areas  that  are  controlled,  even  bare  wire  of 
sufficient  size  and  supported  by  house  knobs  can  be  used  for 
a  bus  system.  See  figure  7-8.  You  must  remember  to  supply 
ample  insulation  through  floors  or  other  flammable  parts  of 
the  structure  and  any  place  where  the  wires  would  be 
accessible  to  untrained  personnel.  Sometimes,  in  a  case 
where  this  distance  would  be  short,  the  bare  wire  could  be 
insulated  with  plastic  electrician's  tape.  It  must  be  stressed 
that  these  wiring  systems  are  for  short-term,  stop-gap 
emergency  or  contingency  use  only.  They  are  not  meant  to 
supply  all  the  electrical  power  that  everybody  wants  in  a 
normal  situation.  When  a  temporary,  emergency  situation 
stabilizes  into  a  normal,  routine  condition,  these  wiring 
methods  must  be  replaced  as  soon  as  possible! 

Another  system  that  can  be  successfully  used  under 
certain  soil  and  weather  conditions  is  a  ground  return, 


Figure  7-6.  Porcelain  tube. 


149 


603 


Figure  7-7.  Ceramic  cleat. 


single- wire  system.  This  system  is  much  the  same  as  the 
electrical  system  in  your  car  or  an  aircraft.  In  this  case  the 
earth  is  used  as  the  neutral  wire.  It  is  very  easy  to  see  the 
danger  inherent  in  this  system  under  certain  circumstances. 
It  should  not  be  used  where  the  ground  is  either  very  dry  or 
frozen,  since  in  either  case  the  ground  return  could  be  lost 
to  an  individual  unit.  Also  with  this  system,  no  case  ground 
is  provided  for  your  protection.  Normally  this  system  will 
be  used  only  where  the  generating  equipment  is  in  close 
proximity  to  the  using  equipment. 

In  some  exceptionally  cold  areas,  it  may  not  be  possible 
to  get  a  driven  earth  ground  because  the  top  of  the  ground  is 
frozen  to  a  depth  that  will  not  permit  a  ground  return.  In 
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this  case,  it  may  be  necessary  to  run  a  network  of  bare 
copper  wire  on  top  of  the  ground  between  all  the  using 
points,  from  the  using  points  to  the  generating  point,  and 
from  there  to  some  earth  ground.  It  may  be  necessary  to 
bore  wells  through  the  frozen  surface  and  lower  anodes  into 
the  wells  to  a  depth  where  earth  heat  and  ground  water  will 
make  aground. 

In  exceptionally  dry  or  sandy  areas,  additional  ground 
rods  may  be  required  to  get  the  proper  ground  resistance. 

Exercises  (463): 

1 .  List  three  alternate  methods  of  constructing  a  branch 
circuit  and  describe  the  requirements  and  materials 
used  for  each  one. 


2.  For  each  of  the  situations  listed  below  state  which 
branch  circuit  method  is  being  used. 

a.  A  drop  socket  is  attached  where  the  wires  of  a 
circuit  have  been  separated. 


b.  Wires  leading  to  a  duplex  outlet  are  tapped  off  a 
positive  and  a  negative  bus  wire. 


c.  A  single  wire  is  run  throughout  the  circuit  with 
each  unit  connected  to  this  wire  and  ground. 


464.  State  expedient  procedures  to  be  used  when 
interfacing  with  foreign  wiring  systems. 

Another  type  of  contingency  situation  is  reactivating  an 
established  base  in  a  friendly  foreign  country.  In  this  case, 
the  basic  facilities  of  the  base  would  be  intact  but  possibly 
requiring  renovation  or  modification. 

Comparison  of  Foreign  and  U.S.  Wiring.  The  primary 
difference  between  U.S.  and  foreign  wiring  systems  is  that 
most  foreign  systems  have  not  been  installed  accordinj^  to 
the  standards  outlined  by  the  U.S.  NEC.  This  fact  may  be 
attributed  largely  to  the  material  shortages  in  most  foreign 
countries,  which  have  dictated  the  use  of  materials  at  hand. 
In  many  instances,  these  would  be  considered  below 
standard  in  th^  U.S. 

Voltage.  The  U.S.  uses  nominal  voltages  which  range 
from  120  to  240  volts  for  single-phase  AC  and  208  to  600 
volts  for  three-phase  AC  for  low-voltage  distribution. 
Though  these  are  considered  to  be  standard  voltage  ratings 
because  of  their  prevalent  use,  some  locations  and  areas  in 
the  country  use  AC  systems  with  nonstandard  voltages. 

A  considerable  number  of  foreign  countries  use  voltages 
other  than  those  we  accept  as  standard.  Consequently, 
during  occupation  or  wartime,  our  electrical  equipment  has 
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Figure  7-8.  House  knob. 


to  be  converted,  modified,  or  operated  inefficiently  when 
powered  by  foreign  electrical  installations. 

Frequency,  The  standard  frequency  of  AC  distribution  in 
the  U.S.  is  60  cycles.  In  most  foreign  lands,  50-cycle 
frequency  generation  is  common;  but  the  electrician  may 
also  encounter  such  frequencies  as  25,  40,  42,  and  100 
cycles. 

Materials.  The  wiring  materials  commonly  used  in 
foreign  countries  are  usually  peculiar  to  the  territory's 
manufacture.  In  recent  years,  the  large  export  of  electrical 
goods  from  Germany,  England,  and  the  United  States  has 
been  increasingly  reflected  in  the  established  wiring 
patterns. 

The  U.S.  employs  the  American  Wire  Gage  system, 
denoted  by  the  symbol  AWG,  which  is  peculiar  to  our 
installations.  However,  the  majority  of  the  foreign  wire 
which  you  may  use  will  differ  in  size  and  use. 

The  receptacles,  switches,  and  plugs  used  in  foreign 
wiring  systems  are  also  peculiar  to  the  installations  found  in 


a  particular  area  and  normally  cannot  be  mated  or  used  with 
similar  types  of  receptacles  manufactured  in  the  U.S. 

Expedient  Procedures.  During  a  contingency  operation 
in  a  foreign  territory,  the  Air  Force  may  use  all  or  part  of  a 
foreign  electrical  installation.  Though  the  decision  of 
employment  is  largely  determined  by  the  immediate 
circumstances,  the  Air  Force  electrician  or  unit  commander 
will  follow  one  of  two  general  procedures: 

a.  Since  the  electrical  components  of  a  foreign  and 
domestic  electrical  system  cannot  be  interchanged,  the 
decision  may  be  made  to  use  all  foreign  equipment.  The 
problem  in  this  case  is  one  of  supply.  The  parts  needed  may 
not  be  available. 

b.  If  time  is  a  factor,  consideration  should  be  given  to  the 
use  of  standard  electrical  items  made  in  the  U.S.  and  the 
modification  of  plugs  or  connections  so  that  they  may  be 
used  with  the  foreign  system.  Though  this  method  usually 
results  in  decreased  operating  efficiency,  the  ease  of 
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adaptability  and  abundance  of  supply  usually  outweigh  the 
reduction  in  performance. 

Effects  of  voltage  differences.  All  equipment  should  be 
operated  at  its  rated  voltage.  To  expedite  foreign  system 
use,  the  items  built  to  operate  at  standard  American 
voltages  may  have  to  operate  at  different  voltages.  Though 
they  may  not  be  operated  efficiently,  their  availability  for 
use  may  be  an  important  military  advantage.  Some  effects 
of  voltage  differences  on  common  electrical  devices  are 
listed  below. 

a.  When  fluorescent  lamps  are  operated  at  voltages 
higher  than  standard,  both  the  lamp  and  ballast  life  are 
shortened.  Line  voltages  below  the  minimum  of  the 
operating  ranges  of  110-125,  199-216,  or  220-250  volts 
will  cause  uncertain  starting,  short  lamp  life,  and  reduced 
lighting  efficiency. 

b.  When  incandescent  lamps  are  used  and  operated  at 
voltages  higher  than  their  normal  ratings  of  114,  120,  and 
125  volts,  they  also  have  a  shortened  lamp  life  below  that 
expected;  but  their  light  output  is  increased.  Conversely,  if 
the  line  voltage  of  operation  is  below  standard,  the  life  of 
the  lamps  is  increased;  but  the  lighting  efficiency  is  reduced 
approximately  3  percent  for  each  1  percent  drop  in  rated 
voltage. 

c.  Rotating  equipment,  such  as  motors  and  fans,  is 
usually  manufactured  to  operate  with  a  permissible  voltage 
variation  of  10  percent  within  their  prescribed  rating.  The 
combined  voltage  aud  frequency  variation  is  also  limited  to 
10  percent.  Higher  voltages  give  increased  torque, 
increased  efficiency,  and  increased  starting  temperature.  A 
lower  operating  voltage  results  in  decreased  torque, 
decreased  ''  fficiency,  and  increased  running  temperature. 

.  Operation  at  voltages  differing  from  rated  voltage  by  more 
than  10  percent  may  be  permitted  only  in  an  extreme 
emergency,  since  the  equipment  may  be  damaged  or 
destroyed  by  such  operation. 

Effects  of  frequency  differences.  Electrical  operating 
items  based  on  resistance  characteristics  (such  as  heaters, 
hotplates,  electric  stoves,  and  so  on)  operate  efficiently 
over  all  ranges  of  distribution  frequencies  used  throughout 
the  U.S.  and  foreign  territories.  Rotating  equipment  and 
items  such  as  lights  and  transmission  or  receiving 
equipment  are  adversely  affected  by  variations  in 
frequency.  Some  of  the  effects  frequency  changes  on  this 
type  of  equipment  are: 

a.  Fluorescent  lights  rated  to  operate  at  a  nominal  60- 
cycle  current  can  be  used  at  50  cycles,  but  with  a  shorter 
ballast  life.  At  lower  than  60-cycle  frequencies,  a 
noticeable  flicker  in  the  light  output  can  be  seen.  This  is 
undesirable  where  painstaking  and  meticulous  work  is 
being  performed.  Operation  at  lower  frequency  is  not 
satisfactory  and  should  be  avoided. 

b.  Incandescent  lights,  because  of  their  resistance 
design,  will  operate  satisfactorily  at  all  of  the  frequencies 
encountered  overseas. 

c.  Motors  should  not  be  connected  to  power  distribution 
systems  whose  frequencies  vary  more  than  5  percent  from 
their  rated  limits  of  operation.  Some  motors  are  built  to 
function  at  either  50  or  60  cycles.  Their  shaft  speed  is 
directly  proportional  tO  the  frequency  of  the  power  supply. 
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Consequently,  if  a  motor  is  nominally  rated  to  run  at  1800 
rpm  at  60  cycles  and  is  operated  at  50  cycles,  its  output 
speed  will  be  1500  rpm.  Special  motors  with  considerably 
larger  frames  must  be  obtained  for  the  same  power  outputs 
at  lower  frequencies. 

d.  All  receiving  and  transmitting  equipment  or  other 
items  which  have  transformers  included  in  their  wiring  will 
not  operate  satisfactorily  either  below  or  above  their  rated 
line  frequency  and  should  be  used  only  in  an  emergency.  In 
some  cases,  there  may  be  frequency  changers  that  can  be 
obtained  and  used  when  the  equipment  is  essential  to  tlie 
mission. 

Effect  of  material  differences.  When  dissimilar  materials 
are  used  interchangeably  in  a  power-distribution  system, 
problems  may  be  created.  The  close  association  of 
dissimilar  metals  may  cause  galvanic  corrosion  at  the  joints 
which  eventually  destroys  the  usefulness  of  the  equipment. 
This  i'  of  particular  concern  when  aluminum  and  copper  are 
joined.  New  materials  are  specially  made  for  connection  to 
copper  or  aluminum  with  no  adverse  effects.  This 
equipment  will  be  so  marked.  Except  in  emergencies  as  an 
expedient  installation,  dissimilar  metals  must  never  be  used 
together.  If  aluminum  is  exclusively  used  in  a  system,  a 
special  joint  compound  must  also  be  applied  to  all 
com  ections  or  joints  to  protect  the  connection  against 
excess  surface  oxidation.  This  is  necessary  because  the 
oxide  of  an  aluminum  conductor  differs  from  copper  oxide 
in  that  it  adds  a  high  contact  resistance     the  wire. 

Exercises  (464): 

1.  State  the  primary  difference  between  foreign  wiring 
systems  and  U.S.  wiring  systems.  To  whai  is  the 
difference  attributed? 


2.  During  an  occupation  or  wartime,  electrical  equipment 
used  on  foreign  voltages  other  than  those  we  consider 

standard  must  be   ,   ,  or 

operated  


3.  What  two  expedient  procedures  are  open  to  the 
electrician  or  unit  commander  when  all  or  part  of  a 
foreign  installation  is  used  during  a  contingency 
operation? 


4.  Describe  the  effects  of  low  voltage  on  fluorescent 
lamps  and  ballasts. 
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5.  When  receiving  and  transmitting  equipment  is  used 
that  is  essential  to  the  mission  and  the  frequency 
available  is  different  from  that  required,  what 
procedures  should  you  take? 


6.  Aluminum  conductors  and  connections  used 
exclusively  in  a  wiring  system  require  what  specific 
action  to  prevent  excessive  surface  oxidation? 


7-2.  Military  Vehicle  Operations 

In  addition  to  your  data  identification  number  (DIN) 
truck  and  maintenance  trucks,  you  should  be  familiar 
enough  to  safely  operate  other  military  vehicles  should  the 
necessity  arise.  The  following  information  is  basic  to  most 
military  vehicles. 

465.  Identify  procedures  basic  to  vehicle  operation 
during  contingency  situations. 

Operational  Checks.  Perform  a  walkaround  inspection 
of  the  vehicle  and  check  for  obvious  damage.  This  will 
include  dents,  broken  lamps  or  glass,  or  parts  missing. 
Check  tires  for  cuts,  wear,  direction  of  rotation,  and  proper 
inflation.  Use  a  pressure  gauge  to  check  tire  inflation. 
Check  under  the  vehicle  for  evidence  of  leaks  of  oil,  fuel, 
hydraulic  fluid,  water,  antifreeze,  or  brake  fluid.  Look  for 
loose  nuts  or  bolts.  See  if  the  windshield  wiper  blades  are 
adequate. 

Check  fluid  levels  and  electrical  connections,  as  well  as 
belts  and  pulleys.  On  some  vehicles  it  will  be  necessary  to 
drain  the  airbrake  reservoir  to  remove  condensation.  All 
discrepancies  should  be  noted  on  the  appropriate  forms. 

When  you  get  into  the  cab,  familiarize  yourself  with  the 
location  of  the  controls  and  gauges.  Adjust  the  seat  and 
mirrors  and  fasten  the  seatbelt. 

The  starting  procedures  will  vary  with  the  vehicle; 
however,  basic  procedures  will  be  much  the  same.  Place  the 
transmission  in  neutral  with  the  clutch  disengaged,  set  the 
auxiliary  parking  brake  '*on"  and  turn  the  ignition  switch  to 
'*start."  If  the  engine  does  not  start  within  30  seconds,  turn 
the  switch  oif  and  allow  the  starter  to  cool.  In  other  military 
vehicles,  the  starter  switch  is  engaged  by  the  left  foot  after 
the  clutch  is  depressed  with  the  same  foot. 

As  soon  as  the  engine  starts,  scan  the  gauges  or  indicator 
lights.  Check  the  oil  pressure  gauge  or  indicator  light  first. 
If  no  oil  pressure  shows  on  the  gauge  or  the  indicator  light 
remains  lit  with  the  engine  running,  shut  the  engirt  down. 
If  the  oil  pressure  is  satisfactory,  check  the  oil  and  water 
temperature,  ammeter  or  generator  light,  and  if  applicable, 
airbrake  pressure.  After  checking  all  engine  operation 
indicators,  you  should  slowly  release  the  clutch  with  the 
transmission  lever  in  the  neutral  position  to  allow  the 
transmission  fluid  to  circulate  in  the  transmission. 


Check  the  lights,  horn,  wipers,  and  any  other  additional 
equipment.  Before  driving  the  vehicle,  test  all  brakes  for 
operation,  check  mirrors,  scan  the  area  surrounding  the 
vehicle,  and  release  the  parking  brake.  Depress  the  clutch, 
engage  the  transmission  lever,  and  drive  off.  During 
operation,  keep  a  check  on  the  engine  operation  instruments 
and  remain  alert  for  visual,  audio,  or  "feel"  indications  of 
developing  trouble.  To  help  prevent  troubles  from 
developing  while  using  the  vehicle,  observe  the  load  limits 
for  the  vehicle.  Do  not  attempt  to  drive  it  in  places  it  is  not 
designed  to  go.  Treat  it  as  if  you  were  going  to  buy  it 
because  if  you  don't — you  may. 

Post  Operational  Checks.  Before  taking  the  vehicle  out 
of  operation  at  the  end  of  the  day,  make  sure  that  the  fuel 
tank  is  at  least  3/4  full.  This  will  help  reduce  condensation 
and  assure  a  sufficient  fuel  in  case  of  an  emergency.  If  you 
must  leave  the  vehicle,  shut  off  the  engine,  put  the 
transmission  in  park  or  reverse,  set  the  auxiliary  brake  and, 
if  parking  on  a  grade,  block  the  wheels.  Before  you  turn  in 
the  vehicle,  clean  it,  note  any  discrepancies  that  showed  up 
during  operation  on  the  proper  form,  and  drain  the  airbrake 
tank  reservoir  to  remove  condensation  and  air.  Close  the 
cock  after  draining.  If  the  vehicle  requires  maintenance, 
turn  ii  in  for  repairs. 

These  are  general  guidelines  for  all  military  vehicles.  It 
should  be  remembered  that  each  vehicle  will  have  its  own 
special  requirements  that  should  not  be  overlooked.  An 
example  of  this  would  be  the  forklift.  Most  forklifts  are 
basically  operated  by  hydraulics.  Be  sure  to  check  the 
reservoir,  lines,  and  cylinders.  Be  sure  to  use  the  correct 
parts  and  fluids  during  repair.  Care  must  be  used  when 
mounting  or  dismounting  this  equipment.  Use  the  steps  and 
handrails  provided.  When  the  forklift  is  parked,  make  sure 
that  the  forks  ars  lying  flat  on  the  ground. 

This  text  cannot  cover  each  and  every  vehicle  type  that 
may  be  used  in  all  contingency  operations.  The  items 
covered  herein  arc  basic  to  most  vehicles  whether  they  are 
U.S.  Government  property  or  foreign  built.  If  you  don't 
know,  ask  someone  who  does.  Don't  take  a  chance  on 
tearing  up  the  equipment  or  killing  someone.  These 
vehicles  will  most  likely  be  the  only  ones  that  you  will 
have,  so  it  is  in  your  best  intei  .  st  to  assure  that  each  vehicle 
performs  as  well  as  it  can  during  the  emergency. 

Exercises  (465): 
1 .  What  should  the  preoperational  inspection  begin  with? 


2.  What  may  you  spot  by  looking  under  the  vehicle? 


3.  What   should   tires    be   checked   for  during  the 
preoperational  inspection? 


4.  From  the  lime  you  enter  the  cab  until  you  engage  the 
starter,  what  steps  should  you  follow? 


5.  Which  engine  operation  indicator  should  you  check 
FIRST  after  engine  crank? 


6.   Why  should  you  slowly  release  the  clutch  with  the 
transmission  lever  in  the  neutral  position? 


7.  Why  should  the  air  tank  be  drained  aiier  operation? 


8.  What  is  the  minimum  amount  of  fuel  that  must  be  in 
the  tank  before  the  vehicle  is  parked  at  night  and  what 
is  the  logic  behind  this  requirement? 


9.  What  transmission  lever  positions  are  acceptable  when 
parking  the  vehicle? 


10.  Most  of  the  basic  operational  functions     a  forklift  are 
performed  by  


1 1 .  Before  a  forklift  is  left  for  the  day.  what  should  be  the 
position  of  the  forks? 


466.  Specify  field  recovery  procedures  and  the  proper 
use  of  field  expedients,  including  vehicle  camouflage  and 
concealment,  in  convoy  movements. 

Field  Recovery.  A  knowledge  of  certain  field  recovery 
operations  will  help  you  to  keep  your  vehicle  mobile  during 
field  operations. 

Changing  tires  without  a  jack.  On  single  axle,  single 
wheeled  vehicles,  drive  the  wheel  with  the  flat  tire  onto  a 
large  rock  or  block  to  raise  the  wheel.  Secure  the  vehicle  by 
setting  the  handbrake  and  blocking  the  rest  of  the  wheels. 
Block  up  under  the  axle  next  to  the  flat.  Dig  the  soil  from 
under  the  block  or  rock  that  the  wheel  is  resting  on  to  allow 
the  axle  to  settle  onto  its  blocking.  Remove  the  block  or 
rock  from  under  the  tire  and  install  the  spare. 


After  the  spare  is  installed,  you  must  get  the  vehicle  off 
the  blocking.  If  it  is  a  front  wheel,  merely  drive  off  the 
blocking.  On  a  rear  wheel,  you  will  have  to  provide  traction 
some  way.  Vehicles  with  front-wheel  drive  can  be  driven 
off  by  engaging  the  front  wheel  drive.  Those  with  standard 
two-wheel  drive  will  require  some  work.  Attempt  to  push 
the  vehicle  off  the  blocking.  If  this  fails,  fill  in  under  the 
tire  to  raise  the  vehicle  and  to  provide  traction  to  the  wheel. 
Vehicles  equipped  with  differential  lockouts  can  be  driven 
off  by  locking  the  differential. 

Flats  on  inside  duals  can  be  changed  by  using  essentially 
the  same  procedure.  However,  use  a  2-inch  block  under  the 
inflated  tire  to  raise  the  vehicle.  Block  the  axle  and  proceed 
by  digging  the  soil  out  from  under  the  block.  Complete  the 
job  by  following  the  above  procedures. 

The  procedure  for  changing  an  outer  dual  is  very  simple. 
Drive  the  inside  tire  onto  a  block  and  change  the  outer 
wheel.  In  fact,  this  system  is  easier  than  using  a  jack  when 
one  is  available. 

A  vehicle  can  also  be  raised  to  change  a  tire  with  a  strong 
pole  and  block.  Place  the  block  near  the  hub  or  axle  and 
insert  one  end  of  the  pole  under  the  hub  or  axle  and  over  the 
block.  Weight  is  then  applied  to  the  lever  end  of  the  pole  to 
raise  the  vehicle.  Place  another  block  under  the  raised  end 
of  the  axle.  Be  sure  to  exercise  extreme  caution,  since  the 
pole  may  slip,  causing  the  vehicle  to  fall. 

A-frame  use.  Another  means  for  lifting  the  front  end  of  a 
vehicle  is  with  an  A-frame  made  with  two  strong  poles  and 
a  tow  chain.  Figure  7-9  shows  how  an  A-frame  is  devised 
and  shows  its  positioning  in  relation  to  the  front  of  the 
vehicle.  After  the  A-frame  is  prepared,  back  the  vehicle 
until  the  A-frame  is  in  an  upright  position. 

The  height  to  which  the  vehicle  is  lifted  off  the  ground 
with  an  A-frame  is  controlled  by  the  amount  of  slack  left  in 
the  chain.  The  greater  the  slack,  the  less  distance  the 
vehicle  will  be  raised. 

Towing.  Prior  to  towing  any  vehicle,  refer  to  the  vehicle 
manual  for  specific  instructions.  However,  the  following 
are  some  general  rules  for  towing: 

a.  Move  towed  loads  at  reduced  speeds  and  avoid  quick 
starts  and  stops. 

b.  Mark  towed  vehicles  with  v/aming  lights  or  flags. 

c.  Use  a  wrecker  whenever  possible;  it  is  designed  for 
towing. 

d.  Use  a  towbar  in  preference  to  chains,  ropes,  or  cables. 
If  cables,  chains,  or  ropes  are  used,  connect  them  to  the 
pintle  hook  of  the  towing  vehicle  and  to  the  lifting  shackles 
or  tow  hooks  of  the  towed  vehicle.  On  vehicles  without 
lifting  shackles  or  tow  hooks,  attach  the  towing  device  to 
the  front  end  of  the  frame.  A  driver  is  necessary  to  control 
the  towed  vehicle  when  using  a  chain,  rope,  cable,  or  some 
types  of  towbars. 

e.  if  you  must  tow  in  heavy  traffic  without  a  towbar,  tie 
the  front  bumper  of  the  towed  vehicle  tightly  to  the  rear  of 
the  towing  vehicle.  If  both  vehicles  have  airbrakes,  connect 
the  airhoses  between  the  two  vehicles.  The  electrical  cable 
for  brake  and  signal  lights  must  also  be  hooked  up  to  the 
towed  vehicle.  A  driver  is  not  necessary  to  control  the 
towed  vehicle  for  this  type  of  hookup. 

Obtaining  traction.  Traction  may  be  obtained  by  placing 
material  in  front  of  and  as  far  under  a  vehicle's  wheels  as 
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Figure  7-9.  A-frame  lift. 


possible.  Do  not  block  forward  movement  of  the  wheels. 
Drive  wheels  may  be  jacked  up  and  traction  and  flotation 
increased  by  placing  material  directly  under  the  wheels.  If 
you  don't  have  a  jack,  a  pole  can  be  used  as  a  lever  under 
the  hub  or  axle  to  raise  the  wheels. 

Rope  or  tow  chains  can  be  wrapped  around  the  wheels  as 
tire  chain  or  track  substitutes.  Be  sure  to  fasten  them 
securely,  but  leave  slack  around  the  tires  to  prevent  tire 
injury.  These  are  only  temporary  substitutes  and  must  be 
removed  as  soon  as  possible. 

When  one  of  the  power  wheels  of  a  vehicle  is  lodged  in  a 
deep  hole,  try  digging  the  soil  from  in  front  of  the  wheel 
with  a  shovel,  mattocks,  pick,  or  an  axe.  If  this  is 
unsuccessful  or  the  soil  is  extremely  hard  and  towing 
equipment  or  a  winch  is  not  available,  obtain  a  heavy 
timber  or  log  long  enough  to  reach  across  the  hole  in  front 
of  the  wheel  (fig.  7-10).  When  power  is  applied  tc  the 
wheel,  the  wheel  will  rise.  Be  careful,  however,  to  prevent 
breakage  of  parts  when  applying  power.  As  the  wheel  rises, 
have  someone  to  fill  the  hole  with  rocks  of  other  suitable 
material  to  prevent  the  wheel  from  falling  back  into  the 
hole. 

Damaged  or  inoperative  rear  wheels  (vehicles  with  two 
or  more  driving  axles).  With  a  means  to  jack  up  the 
vehicle,  some  chain,  and  a  piece  of  timber,  rig  the  vehicle 
so  that  it  can  be  driven  to  a  repair  point.  However,  the 
following  procedures  must  not  be  used  on  heavily  loaded 
vehicles  or  on  those  traveling  long  distances. 

To  rig  a  small,  four-wheel  drive  vehicle  with  a  damaged 
or  inoperative  rear  wheel,  use  a  skid  or  timber  as  shown  in 
figure  7-11.  Lash  a  skid  of  timber  to  the  frame  or  chassis  so 
that  it  extends  under  and  beyond  the  rear  axle.  The  skid 
should  be  long  enough  so  that  the  lower  end  does  not  dig  too 
deeply  into  the  ground.  The  strength  of  skid,  nature  of 
damage,  and  type  of  roadway  will  have  to  be  evaluated  and 
a  decision  made  as  to  the  necessity  of  removing  the  wheel. 


WHEEL 
RECTION 


Figure  7-10.  Timber  chained  to  drive  wheels. 


Figure  7-11.  Skid  lashed  to  frame. 
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After  the  skid  is  secure,  proceed  in  front  wheel  drive.  If  the 
wheel  is  locked,  remove  the  axle  shaft  on  that  side  or 
disconnect  and  remove  the  rear  propeller  shaft  to  allow  the 
other  wheel  to  rotate  freely. 

To  rig  the  rear  axle  of  a  six-wheel  drive  vehicle,  chain 
the  damaged  axle  to  the  rear  comer  brace  as  shown  in  figure 
7-12.  When  the  repair  involves  the  intermediate  axle,  all 
procedures  are  the  same  except  that  tieup  is  nnade  to  the 
crossmember  directly  above  the  axle.  Be  caiefiil  in  tying  up 
either  axle  to  prevent  damage  to  the  brake  lines.  In  case  of  a 
locked  wheel,  remove  the  axle  shaft  or  the  ftopct  propeller 
shaft  to  permit  the  opposite  wheei  to  turn  freely;  then 
proceed  in  normal  drive. 

Winch  operation.  The  winch  is  one  of  the  most  valuable 
pieces  of  equipment  for  field  recovery  of  vehicles.  Since 
the  actual  operation  of  a  winch  varies  according  to  the  type, 
use  the  vehicle  manual  for  the  details  of  winch  operation. 
However,  the  general  uses  of  a  winch  are  discussed  here: 

a.  Pulling  your  vehicle.  Pull  the  vehicle  with  its  wifx:h 
by  anchoring  the  cable  to  an  object,  such  as  a  tree  or  pole, 
that  will  withstand  the  pull.  Engage  the  winch;  as  the  cable 
is  wound  on  the  drum,  the  vehicle  is  pulled  toward  the 
anchor.  This  method  of  winching  is  a  single  line  straight 
pull,  as  shown  in  the  top  illustration  of  figure  7-13.  It  is  the 
least  desirable  method,  because  all  of  the  load  and  strain  is 
concentrated  on  a  single  line. 

A  snatch  block,  as  shown  in  the  center  part  of  the  figure, 
divides  the  strain  on  the  cable  between  two  lines  and  will 
smooth  out  the  jerks.  A  snatch  block  is  a  device  with  a 
sheave  (pulley)  around  which  the  cable  or  rope  is  run. 

However,  the  best  method  of  winching  is  shown  in  the 
bottom  part  of  the  figure.  This  method  uses  both  the 
spreader  bar  and  the  snatch  block.  This  piocedure  divides 
the  strain  between  the  two  ftont  lifting  shackles  and 
provides  a  straight  pull  on  both  the  cable  and  winch. 

b.  Pulling  an  object.  To  pull  another  object  with  a 
vehicle's  winch,  the  vehicle  must  be  held  in  place  while  the 
object  is  being  moved.  This  may  be  done  by  applying  the 
brakes  or  placing  wheel  blocks  in  ftont  of  the  tires.  Some 
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Figure  7-13.  Winch  operation. 


Figure  7-12.  Damaged  axle  chained  to  bfsce* 


vehicles  are  equipped  with  an  electric  brake  lock  which  is 
used  to  hold  the  service  brakes  during  winching  operations. 
If  necessary,  anchor  the  vehicle  from  the  rear  by  running  a 
cable  from  the  vehicle's  pintle  hook  to  an  anchor.  This 
cable  should  be  run  to  give  the  longest  reach  and  the 
straightest  pull  possible. 

After  the  vehicle  is  secured,  objects  may  be  pulled  by  the 
winching  methods  shown  in  figure  7-13;  the  anchors  in  the 
illustration  would  represent  the  object  being  pulled. 

Winching  safety.  The  following  are  some  winching 
safety  precautions.  Careful  observance  of  these  precautions 
will  help  prevent  injury  to  personnel  or  damage  to 
equipment: 

a.  Winches  arc  equipped  with  an  automatic  safety  brake 
to  hold  the  winch  load  when  the  winch  controls  are  being 
shifted.  The  brake  adjusting  screw  should  be  kept  loose 
until  the  brake  is  required  to  hold  a  load.  If  the  screw  is  tight 
during  other  uses  of  the  winch,  the  shear  pin  will  break  or 
the  brake  lining  will  be  needlessly  worn. 
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b.  Do  not  permit  vehicles  with  metal  tracks  to  run  over 
the  cable.  Such  abuse  flattens  the  cable,  exposes  the  hemp 
core,  and  permits  water  to  enter,  causing  internal  rust  and 
weakening  of  the  cable. 

,c.  Have  personnel  stand  clear  of  a  winch  cable  before  it 
is  tightened.  A  cable  under  load  may  break  and  whip  back 
with  force  enough  to  kill  or  seriously  injure  a  person. 

d.  After  using  the  winch,  pull  back  on  the  cable  while  it 
wound  slowly  and  evenly  on  the  drum. 

e.  Keep  the  cable  lubricated. 

/.  A  shearpin  is  provided  on  winches  to  protect  the  cable 
and  other  winch  parts.  When  the  winch  is  overloaded,  the 
shearpin  breaks.  Never  use  makeshift  shearpins  of  unknown 
strength  to  replace  a  broken  pin;  too  strong  a  pin  may  cause 
the  cable  to  snap.  Use  only  authorized  replacement  pins. 
Don't  depend  on  the  shearpin  for  protection.  Even  with  the 
proper  pin  installed,  a  kinked,  frayed,  damaged,  or 
weakened  cable  may  break. 

Dual  wheels  as  a  winch.  If  the  vehicle  is  not  equipped 
with  a  winch,  but  has  dual  wheels,  employ  the  dual  wheels 
as  a  winch.  This  is  done  by  fastening  a  rope  between  the 
dual  wheels  on  one  side  of  the  vehicle  and  another  rope 
between  the  corresponding  duals  on  the  other  side. 

Draw  the  ropes  taut;  then  fasten  the  free  ends  to  an 
anchor.  When  power  is  applied  to  the  wheels,  the  ropes  will 
wind  up  between  the  dual  wheels  and  exert  a  pull  on  the 
vehicle. 

To  move  another  object  using  the  dual  wheels  as  a  winch, 
block  up  the  driving  axle  and  anchor  the  vehicle.  Then 
fasten  one  end  of  the  rope  to  the  duals  and  the  other  end  to 
the  object  to  be  moved.  Applying  power  will  wind  up  the 
ropes,  drawing  the  object  toward  the  vehicle. 

Anchorages.  When  an  anchor  is  needed  during  winching 
operations,  use  a  tree  stump,  large  rock,  etc.,  when 
available.  It  may  be  necessary  to  devise  an  anchor.  Two 
types  of  anchors  that  can  be  made  are  the  *'deadman"  and 
stake  anchor. 

The  deadman  is  made  by  sinking  an  object  (log,  spare 
tire,  etc.)  in  a  trench  in  the  ground  as  shown  in  figure  7-14. 
Trench  depth  depends  on  the  firmness  of  the  soil  and  the 
size  of  the  object  used.  Cut  the  trench  at  an  angle  away  from 


the  direction  of  strain  to  keep  the  object  from  sliding 
upward  when  a  pull  is  applied.  If  the  ground  is  extremely 
hardy  and  the  object  cannot  be  buried  deep  enough  to 
prevent  sHdtng  out,  drive  at  least  two  stakes  in  the  ground 
on  the  pull  side  of  the  object.  The  stakes  must  bear  against 
the  object  and  be  slanted  away  from  the  pull.  A  slot  is  cut 
perpendicular  to  the  center  of  the  trench  and  slanted  upward 
from  the  bottom  at  about  a  45°  angle  to  form  a  pathway  for 
the  cable. 

To  devise  an  anchor  with  stakes,  drive  two  or  more 
strong  stakes  from  3  to  4  feet  apart  into  the  ground,  as 
shown  in  figure  7-15.  Each  stake  must  be  driven  at  an  angle 
away  from  the  direction  of  strain,  but  the  stakes  must  be  in 
line  with  the  direction  of  pull.  The  number  of  stakes  needed 
depends  upon  the  firmness  of  the  soil  and  the  amount  of  pull 
to  be  exerted  on  the  anchor. 

After  the  slakes  are  driven  in  the  ground,  tie  a  rope  to  the 
bottom  of  the  stake  farthest  from  whatever  is  being 
anchored.  The  rope  is  then  run  to  the  top  of  the  next  stake  in 
line  and  secured.  Then  you  run  the  rope  back  and  forth 
around  the  two  stakes  a  few  times  and  secure  its  end.  If 
more  than  two  stakes  arc  needed,  repeat  the  preceding 
process  with  additional  stakes  and  ropes.  Tie  each  new 
stake  to  one  of  the  previously  tied  stakes.  Whatever  is  being 
anchored  is  then  fastened  to  the  lower  portion  of  the  nearest 
stake. 

Vcklclc  Camouflage  and  Conceabnent.  A  stationary 
vehicle  can  best  be  camouflaged  by  placing  it  under  natural 
vegetation  (trees  or  large  bushes)  so  that  its  regular  pattern 
of  shadow  is  broken  up.  All  parts  likely  to  reflect  light  must 
be  covered. 

Where  trees  oi"  bushes  are  not  available,  fish  net  or 
chicken  wire  scattered  with  artificial  material  or  with 
natural  vegetation  can  be  used  to  cover  the  vehicle.  When 
snow  is  on  the  giound,  cover  the  vehicle  with  white  cloth  or 
paint  the  vehicle  white.  Be  sure  that  the  color  and  texture 
blend  with  the  surrounding  area. 

Moving  vehicles  cannot  be  successfully  camouflaged 
art'^ficially.  Use  roads  where  the  vehicle  is  concealed  by 
natural  vegetation.  Avoid  dusty  roads,  because  there  is  less 
chance  of  the  enemy's  detecting  vehicle  movement.  Take 
advantage  of  natural  cover  or  concealment  if  operating 
alone  and  you  are  attacked  by  a'  .  laft. 


Figure  7-14.  Deadman  and  slake  anchor.  Figure  7-15.  Anchor  with  stakes. 
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When  entering  a  parking  area,  use  existing  paths  to 
prevent  changes  that  would  be  readily  apparent  to  the 
enemy.  If  not  possible  to  otherwise  conceal  the  tracks, 
continue  driving  beyond  the  planned  position  of  the 
vehicle.  Then  return  to  the  selected  parking  spot.  Avoid  all 
visible  movement  when  enemy  aircraft  are  in  the  vicinity. 

Exercises  (466): 

1 .  How  would  you  change  a  flat  tire  if  the  tire  goes  flat  on 
the  inside  dual? 


If  traveling  across  rough  terrain  and  the  drive  wheel  of 
the  vehicle  falls  into  a  deep  hole,  what  method  should 
be  used  to  get  the  vehicle  out? 


3.  How  is  a  properly  fastened  A-frame  used  to  raise  the 
front  end  of  a  vehicle? 


4.  What  is  the  safest,  prefer 
vehicle,  assuming  that  a  wrec: 


d  or  towing  a 
lot  available? 


5.  Complete  this  statement:  To  rig  a  small,  four-wheel 
drive  vehicle  with  a  damaged  or  inoperative  rear 
wheel ,  use  a  of  


6.  (I)  Which  winch  operation  is  the  least  desirable  for 
field  recovery?  (2)  Which  is  the  most  desirable? 


7.  During  winch  operations,  what  happens  if  the  brake 
adjusting  screw  is  left  tight? 


8.  Explain  the  procedures  for  using  the  dual  wheels  of  a 
vehicle  as  a  winch. 


9.  What  method  can  be  used  o  camouflage  a  moving 
convoy? 


10.  Why  is  it  important  to  use  existing  paths  when  entering 
a  parking  area  under  possible  enemy  observation? 


467*  Indicate  proper  procedures  for  a  vehicle  operator 
to  use  in  making  emergency  repairs,  including  jump 
starts. 

When  maintenance  help  is  not  available  and  your  vehicle 
breaks  down,  you  can  perform  the  emergency  (chiefly 
minor)  repairs  described  below. 

Flat  Tire,  Replace  a  flat  tire  with  the  spare  if  one  is 
available.  If  not  and  the  vehicle  has  dual  wheels,  use  one  of 
the  duals  to  replace  a  flat  front  tire. 

Dragging  Brakes.  Make  adjustment  according  to  the 
instructions  in  the  vehicle  manual;  the  method  will  vary 
with  different  vehicles. 

Braken  or  Leaking  Hydraulic  Brake  Line,  if  the  break 
is  in  a  metal  brake  line  to  one  of  the  wheels,  hammer  the 
broken  line  flat  at  any  point  between  the  break  and  where  it 
joins  the  line  to  the  other  wheel.  Breaks  in  the  rubber  flex 
lines  can  be  repaired  by  cutting  the  hose,  doubling  the 
supply  end  back,  and  twisting  a  wire  around  it  tightly.  This 
method  is  preferable  to  flattening  the  metal  line  since 
repairs  are  easier  and  cheaper.  Be  careful  when  braking 
after  the  emergency  repair  since  the  brakes  will  pull  to  one 
side.  If  the  hydraulic  brake  fluid  has  leaked  out,  add  water 
to  the  master  cylinder  as  a  substitute  for  brake  fluid  or 
depend  on  the  handbrake.  Use  of  the  handbrake  requires 
low  speed  and  use  of  the  lower  gear  ranges.  The  handbrake 
functions  on  the  rear  wheels  only  and  is  not  too  effective  for 
stopping. 

Broken  Airbrake  Line.  Pinch  or  hammer  the  broken 
end  of  the  line  shut.  If  a  brake  cylinder  diaphragm  is 
ruptured  or  leakii  g  badly,  clamp  or  hammer  the  line  flat 
that  leads  to  the  damaged  cylinder. 

Punctured  Gas  Tank.  Repair  the  leak  by  cutting  a  plug 
of  soap  or  wood  and  pushing  it  tightly  into  the  hole.  Leaks 
in  gaslines  may  be  retarded  temporarily  by  firmly  wrapping 
string  around  the  leaking  line  and  then  covering  the  string 
with  soap.  Plastic  film  wrapped  tightly  around  a  fuel  line 
and  tied  or  taped  tightly  will  also  retard  fuel  leakage. 

Punctured  Radiator  Core.  Cut  a  wooden  plug  and  push 
it  tightly  into  the  hole.  If  there  is  a  large  puncture,  cut  the 
cooling  fins  away  and  push  back  the  good  tubes  from  those 
that  are  damaged  in  order  to  give  room  in  which  to  work. 
Fold  ends  of  the  broken  tubes  back  about  three  quarters  of 
an  inch  and  close  the  ends  by  pressing  them  flat.  If  feasible, 
loosen  the  radiator  cap  to  reduce  system  pressure. 

Vapor  Lock.  A  vapor  lock  is  caused  by  gasoline 
vaporizing  in  the  fuel  supply  system.  If  the  vapor  lock 
occurs  after  a  stop  of  a  few  minutes,  pour  cold  water  over 
the  fuel  pump  to  condense  the  vapor.  In  case  water  is  not 
available,  open  the  hood  and  let  the  engine  cool.  When  a 
vapor  lock  occurs  while  the  vehicle  is  in  operation,  use  a 
wet  rag  and  carefully  wrap  it  around  the  fuel  pump  and 
sediment  bowl.  You  can  usually  do  this  without  removing 
the  bowl  from  the  fuel  pump. 
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Broken  Fan  Belt.  A  substitute  fan  belt  can  be  made 
from  a  small  rope  or  from  a  strand  of  a  larger  one.  Loosen 
the  generator  and  apply  the  rope;  tie  the  ends  with  a  square 
knot.  Then  tighten  the  generator  and  trim  the  knot.  If 
sufficient  adjustment  is  available,  the  ends  of  the  broken 
belt  may  be  wired  together  as  a  temporary  repair. 

Cracked  or  Broken  Fuel  or  Oil  Line.  Break  the  line 
and  install  a  piece  of  hose  (from  the  windshield  wiper  or  air 
horn)  over  the  ends.  If  this  makes  the  wiper  hose  too  short, 
plug  the  opening  to  the  engine  with  a  wood  plug.  Another 
temporary  repair  can  be  made  with  a  tight  wrapping  of  tape 
or  other  nonporous  material  secured  with  closely  wrapped 
wire  or  string. 

Wet  Ignkion  System.  Wet  distributor  and  ignition 
system  components  may  be  dried  by  wiping  them  off  with  a 
clean  dry  cloth. 

Vehicle  Jump  Starts.  Follow  the  procedures  described 
below  in  making  jump  starts: 

a.  Make  sure  that  both  the  **live"  and  the  **dead'' 
batteries  have  the  same  rated  voltage  and  the  same  type  of 
electrical  ground  systems.  Check  this  by  looking  at  the 
battery  terminals.  The  terminal  marked  **  — **N", 
**NEG",  or  **negative''  should  have  a  wire  running  to  the 
car's  frame  or  engine  block. 

b.  Make  sure  that  the  **dead"  batter)'  isn't  frozen. 
Electrical  current  from  a  live  battery  could  cause  the  dead 
one  to  explode,  either  from  too  much  pressure  or  from  a 
hydrogen  gas  detonation.  If  you're  not  sure  whether  the 
dead  battery  is  frozen  or  not,  our  advice  is  don't  try  to  jump 
start. 

c.  Bring  both  vehicles  close  together  but  not  touching; 
you  may  cause  sparks  or  short  circuit  the  good  battery  if 
they  touch  during  the  jump  start. 

d.  Keep  the  "booster"  vehicle  engine  running,  turn  off 
all  accessory  switches  in  the  **dead"  vehicle,  set  both 
parking  brakes,  and  don't  stand  between  the  two  vehicles. 

e.  Remove  the  well  caps  from  both  batteries  to  provide 
adequate  ventilation  for  hydrogen  gas  generated  by  the 
battery;  cover  the  wells  of  each  battery  with  two  layers  of 
cloth.  (This  provides  better  dissipation  of  the  hydrogen  gas 
and  minimizes  danger  from  sparks.) 

/.  Find  the  ''positive"  terminal  of  both  batteries.  This 
will  be  marked  on  or  near  the  terminal  post  with  either  a 
'T,"  ''POS,"  ''Positive,"  or  a  "  +  "  mark.  Connect  one 
cable  clip  to  the  positive  terminal  of  the  live  battery  and  the 
other  clip  on  the  same  cable  to  the  positive  terminal  of  the 
dead  battery. 

g.  Connect  one  clip  to  the  live  battery's  negative 
terminal  and  the  other  end  of  the  cable  to  the  frame  of  the 
"dead"  vehicle  as  far  from  the  battery  as  cable  stretch  will 
allow.  This  will  help  prevent  any  sparks  from  igniting  the 
hydrogen  gas. 

h.  Start  the  "dead"  car's  engine  and  disconnect  the  two 
cables  in  reverse  order.  Remove  cloths  from  well  holes  and 
replace  vent  caps.  Aluminum  cables  get  very  hot  during  a 
jump  start,  so  allow  time  for  them  to  cool  before  putting 
them  away. 
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Exercises  (467): 

1.  State  the  proper  procedures  for  making  einergcncy 
repairs  for  the  following: 

a.   Broken  hydraulic  brake  line. 


b.   Punctured  gas  tank. 


c.   Broken  fan  belt. 


d.   Vapor  lock. 


e.   Broken  fuel  line. 


f.  Wet  ignition. 


2.  When  jump-starting  two  vehicles,  why  shouldn't 
vehicles  touch? 


3.  Why  should  the  negative  side  of  jumper  cables  be  as 
far  away  from  the  battery  as  the  cable  will  allow? 


4.  After  the  "dead"  car's  engine  starts  (during  a  jump 
start),  how  must  the  battery  cables  be  disconnected? 


468.  State  precautions  and  requirements  for  operating 
the  aerial  bucket  truck  and  identify  particular  controls 
with  locations  and  functions. 

Operator  Safety.  Because  of  the  advanced  hydraulic 
design  and  built-in  safety  features  of  today's  bucket  trucks, 
very  little  training  or  skill  is  needed  to  safely  operate  these 
trucks.  However,  any  truck  used  to  lift  personnel  is 
dangerous  in  the  hands  of  careless  or  untrained  operators. 
Even  after  training,  in  many  cases,  an  operator  has  admitted 
being  aware  that  the  booms  or  some  part  of  the  truck  were 
not  operating  properly.  If,  when  operating  the  boom,  you 
sense  anything  different,  such  as  hearing  noises  or  feeling 
unusual  movement,  STOP  at  once  and  resolve  the  problem. 
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3.  List  five  safety  precautions  you  should  follow  when 
operating  the  bucket  truck. 


4.  Who  is  allowed  to  operate  the  bucket  truck  in  the  Air 
Force? 


5.  Where  are  the  auxiliar>  controls  located? 


469.  Clarify  particular  purposes,  precautions,  and 
operations  relating  to  the  line  maintenance  truck. 

Line  Truck.  The  line  truck  is  used  for  construction  and 
maintenance  of  electrical  distribution  lines.  Most  line 
trucks  have  a  compartmental  body,  a  power-driven  winch, 
capstan,  tow  hooks,  a  boom,  and  body  support  jacks. 

Compartments,  There  are  bins  on  the  line  truck  for  your 
tools,  equipment,  and  materials.  Keep  each  item  in  its 
place.  You  should  carry  at  least  a  one-day  supply  of 
hardware,  such  as  bolts,  lag  screws,  connectors,  and  tape. 
The  equipment  needed  for  electric  line  work  will  also  be 
stored  on  the  line  truck. 

Power-driven  winch.  The  winch  is  operated  through  the 
truck  power  takeoff.  Most  line  trucks  have  two  winch 
drums.  One  is  located  in  front  and  the  other  is  tied  in  with 
the  boom  operation.  Both  winch  drums  have  automatic 
brakes  which  prevent  them  from  turning  undei*  a  load  except 
when  the  truck  engine  is  running.  Do  not  exceed  the  load 
limitations  of  the  truck  and  winch  line.  The  manufacturer 
provides  a  load  capacity  chart.  The  winch  will  safely  lift 
15,000  pounds  with  the  cable  on  bare  drum  wrap  layer  and 
6,000  pounds  with  a  full  drum.  For  loads  that  are  less  than 
10,000  pounds,  1/2-inch  wire  rope  will  be  sufficient.  When 
lifting  loads  over  10,000  pounds,  use  5/8  IWRC  6  x  19 
VHS  cable.  Avoid  stacking  the  winch  line  and  jerking  the 
load. 

Boom.  The  boom  and  winch  are  used  to  raise  the  set, 
pull  and  lower  poles;  load  and  unload  poles  from  the  pole 
trailer;  and  load,  unload,  raise,  or  lower  pole  line 
equipment  such  as  transformers.  Read  and  understand  all 
operating  instructions  before  you  operate  the  boom  or  any 
other  part  of  the  truck.  The  operation  of  the  line  truck  can 
be  extremely  hazardous  if  you  don't  know  what  you  are 
doing.  All  winch  and  boom  operations  must  have  at  least 
two  persons — an  operator  and  a  spotter  who  give  signals. 

Position  the  truck  to  work  on  the  high  side  when  parked 
on  a  crown  or  slope.  Avoid  soft  ground  and  overfiead 
obstructions.  Set  the  parking  brake.  To  engage  the  power 
takeoff  (PTO)  with  standard  transmission,  push  in  the 
clutch,  place  in  neutral,  engage  the  PTO,  and  release  the 
clutch.  To  engage  the  PTO  if  your  truck  has  a  transfer  case, 
push  in  the  clutch,  put  the  transfer  case  in  neutral,  and 
engage  the  PTO.  Put  transmission  in  fourth  gear  and  let  out 
the  clutch. 
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Never  operate  the  boom  without  the  jacks  down.  The 
jacks  are  lowered  until  the  tires  ai^  almost  off  the  ground. 
The  truck  bed  is  leveled  by  raising  the  high  side  jacks. 
Level  the  truck  to  within  15-percent  grade  (8'/2°)  for  lifting 
to  prevent  boom  side  overload.  If  there  is  a  question  about 
soft  ground,  hot  asphalt,  or  weak  pavement,  then  use  planks 
of  sufficient  area  and  strength  under  the  jack  pads.  Some 
trucks  are  equipped  with  a  safety  switch  that  prevents  boom 
operation  if  the  jacks  are  not  all  the  way  down.  Check  the 
operator's  manual  for  override  procedures  if  they  become 
necessary. 

Observe  the  following  precautions  when  operating  the 
boom: 

•  Do  not  operate  the  boom  when  winds  exceed  30  mph 
(26  knots). 

•  Do  not  operate  steel  booms  within  15  feet  of  energized 
overhead  lines. 

•  Do  not  pull  poles  out  of  ground  with  derrick  booms. 

•  Do  not  pull  side  loads  with  the  boom. 

•  When  dragging  poles,  line  up  boom  with  winch  cable. 

•  Do  not  pull  stumps  with  boom  and  winch  (use  a  pole 
jack). 

©  Do  not  rock  pole  with  boom  to  loosen  it  in  the  hole. 

Capstan.  The  capstan  is  used  for  raising  loads  like 
transformers,  pulling  slack  in  conductors,  or  holding  a 
strain.  Wind  the  rope  on  the  capstan  in  a  clockwise 
direction,  as  shown  in  figure  7-16,  with  the  load  end  next  to 
the  truck.  Keep  the  direction  of  the  load  at  a  90°  angle  to  the 
capstan  so  the  rope  will  not  climb  the  flange  or  bind  at  the 
turns.  Vary  the  number  of  turns  of  rope  from  three  to  six  or 
more,  depending  on  the  weight  of  the  load. 

The  capstan  turns  clockwise  to  raise  a  load,  and  it  stops 
for  lowering  heavy  loads.  To  pick  up  a  load,  gradually 
increase  the  strain  on  the  free  end  of  the  roi>e  until  the  load 
is  being  reeled  in  at  the  desired  rate.  Lessen  the  strain  to 
slow  or  stop  the  load  pickup. 

Always  keep  the  firee  end  of  the  rope  in  the  clear.  Do  not 
stand  on  the  free  end  or  allow  it  to  tangle  around  your  feet. 
A  wet  rope  sticks,  slips,  or  binds,  and  makes  lowering  or 
holding  a  load  difficult.  An  oily  rope  slips  too  fast,  allowing 
a  load  to  lower  too  fast. 

Exercises  (469): 

1 .  Name  three  items  of  equipment  found  on  the  line  truck 
used  for  construction  and  maintenance. 


2.  How  is  the  power  supplied  to  operate  the  line  truck 
winch  and  boom? 


3.  How  is  the  winch  drum  prevented  from  turning  under  a 
load? 
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This  one  simple  and  basic  caution,  if  heeded,  could  have 
prevented  many  of  the  most  senous  bucket  truck  accidents. 
It  is  strongly  recommended  that  you  and  all  bucket  truck 
operators  follow  these  simple  rules  for  safe  operation  and 
reduction  of  "downtime"  from  damaged  equipment: 

a.  Allow  only  qualified  operators  to  operate  the  controls. 

b.  Operators  must  be  thoroughly  acquainted  with  the 
operating  instructions  and  limitations  of  the  bucket  truck. 

c.  Lubricate  and  inspect  the  truck  and  attached 
equipment  at  regular  intervals. 

d.  Allow  repairs  and  adjustments  to  be  made  only  by 
qualified  personnel. 

e.  Do  not  exceed  personnel  basket  weight  limitation. 
/.  Set  truck's  parking  brakes  before  operating  booms. 

g.  Check  the  complete  truck  and  attached  equipment  for 
visible  defects  or  loose  objects. 

h.  Check  insulated  boom  for  cleanliness  and  moisture 
before  operating  it  near  energized  lines. 

I.  Do  not  operate  boom  unless  truck  is  on  solid  ground 
and  outriggers  arc  extended  properly. 

j\  Be  sure  outrigger  lock  valves  are  closed  while 
operating  the  boom. 

k.  Operate  all  controls  slowly  for  smooth  bucket 
movements. 

Always  use  safety  belts  when  operating  the  bucket, 
m.  Try  to  avoid  maximum  outward  extension  of  the 
booms. 

n.  Do  not  allow  the  bucket  to  come  in  contact  with  a 
fixed  object;  set  in  cradle  only. 

The  preceding  material  represents  some  basic  safety  rules 
that  all  operators  should  follow  for  maximum  safe  operation 
of  the  bucket  truck.  Remember  that  your  truck  cannot 
protect  or  service  itself.  It  is  up  to  the  operators  to  insure 
that  the  truck  stays  in  good  condition. 

Setting  Up  the  Truck.  Position  the  truck  so  that  the 
working  area  is  within  the  reach  of  the  booms.  If  the  truck  is 
positioned  on  a  sloping  surface,  locate  the  work  to  avoid 
extending  the  booms  to  their  maximum  reach  on  the 
downhill  side. 

Once  the  truck  is  in  position,  operators  perform  the 
following  steps: 

(1)  Engage  the  emergency  brake. 

(2)  Engage  power  take-off  in  accordance  with  the 
operation  and  maintenance  manual. 

(3)  Open  the  shutoff  valves  for  outriggers  located  at  the 
rear  of  the  truck. 

(4)  Hold  control  handle  in  the  down  position  and  lower 
the  outriggers  far  enough  to  raise  the  truck  body  (not  rear 
tires)  2  inches. 

(5)  After  all  outriggers  are  firmly  in  place,  close  all 
shutoff  valves. 

(6)  Unlatch  the  upper  boom  holddown  device  and  remove 
the  band;  then  pull  the  locking  pin  holding  the  lower  boom. 
(The  booms  of  the  truck  are  now  ready  for  use.) 

^  Operation  of  the  Aerial  Basket.  The  operator  should 
mount  the  basket  and  put  on  the  safety  belt  while  insuring 
that  the  rider  does  the  same.  To  operate  the  booms,  you 
must  press  the  trigger  on  the  underside  of  the  control  head 
handgrip.  If  you  move  the  control  head  handle  horizontally 
(backwards  and  forward),  this  will  cause  movement  of  the 


lower  boom:  forward  to  raise,  backward  to  lower.  If  you 
move  the  handle  vertically  (up  and  down),  this  will  cause 
movement  of  the  upper  boom:  up  to  raise,  down  to  lower. 
Rotation  of  the  handgrip  will  cause  rotation  of  the  turntable. 
Any  combination  of  these  movements  may  be  used  at  the 
same  time  to  direct  basket  movement  to  any  point.  No 
movement  will  result  from  actuation  of  the  control  handle 
unless  the  trigger  is  depressed. 

CAUTION:  When  operating  the  aerial  basket,  follow 
these  simple  rules: 

(1)  Always  press  the  trigger  on  the  handgrip  before  you 
move  the  control  handle. 

(2)  Return  the  control  handle  to  the  neutral  position 
before  you  release  the  trigger  on  the  handgrip. 

(3)  Avoid  sudden  stops  or  reversal  of  rotation  when 
turning.  (This  will  prevent  stress  on  the  turntable  which 
may  cause  damage  and  become  a  safety  hazard  to  the 
personnel  in  the  basket.) 

(4)  Before  any  rotation  of  the  booms  (left  or  right),  raise 
the  lower  boom  at  least  2  feet  above  its  cradle. 

Auxiliary  (Secondary)  Control.  Three  hand-control 
levers  are  found  on  the  main  hydraulic  control  valve,  near 
the  base  of  the  lower  boom.  These  three  levers  control  the 
operation  of  all  the  basket  movements  from  the  ground.  No 
movement  of  the  booms  will  result  from  actuation  of  the 
levers  unless  you  have  depressed  the  auxiliary  palm  switch 
on  the  turntable  or  the  trigger  in  the  control  head  handle. 

Folding  for  Travel.  The  booms  of  the  truck  must  be 
completely  seated  in  their  cradles  with  no  tension  remaining 
on  the  main  boom  lifting  cable.  Always  make  sure  that  the 
upper  boom  holddown  device  and  the  lower  boom  locking 
pin  are  in  place  before  truck  movement.  If  the  booms  are 
allowed  to  bounce  in  the  cradles,  the  insulated  plastic 
becomes  crazed  and  shattered,  eventually  allowing  the 
boom  to  buckle. 

In  the  event  of  engine  or  hydraulic  system  failure,  the 
aerial  basket  may  be  returned  to  the  ground  level  by 
following  the  special  procedures  outlined  in  the  operation 
and  maintenance  manual.  Never  allow  anyone  to  slide 
down  the  boom  or  descend  by  the  use  of  a  handline. 

Vehicle  Storage.  If  the  bucket  tinck  is  stored  outdoors, 
you  must  protect  the  basket  from  the  weather  with  a 
waterproof  canvas  cover  when  the  basket  is  not  in  use. 
Remember,  this  basket  serves  to  help  insulate  the  operator 
from  energized  electrical  circuits  and  the  ground.  Take 
good  care  of  it. 

Exercises  (468): 

I .  What  precautions  should  be  observed  when  the  bucket 
truck  is  positioned  on  a  sloping  surface? 


2.  What  movement  develops  when  the  control  head 
handle  is  moved  forward  with  the  trigger  depressed? 
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(NOTE:  KEEP  DIRECTION  OF  LOAD  AT  90**  ANGLE) 


TF-061 


Figure  7-16.  Capstan. 


4.  The  boom  will  not  be  operated  when  winds  exceed 
 miles  per  hour. 


t> .  What  is  the  purpose  of  the  capstan? 


470.  Name  the  types  of  convoys;  state  their  advantage, 
disadvantages,  and  composition;  and  clarify  the 
scheduling  of  halts. 

Types  of  Convoys.  A  convoy  is  the  movement  of  a 
group  of  motor  vehicles  under  the  control  of  a  designated 
individual.  In  many  cases,  a  convoy  is  called  a  motor 
march-  These  two  temis  mean  the  same  thing.  Its  purpose  is 
to  make  it  easier  to  coordinate  the  movement  of  personnel 
and  material. 

There  are  three  kinds  of  convoys:  normal  convoys, 
hazardous  convoys,  and  convoys  transporting  classified 
equipment.  The  normal  convoy  is  made  up  of  general 
purpose  vehicles  that  can  maintain  normal  speeds  on  the 
highway.  Hazardous  convoys  are  made  up  of  large,  bulky 
motorized  equipment  which  is  too  wide,  long,  or  slow  to 
travel  at  normal  highway  speeds.  Convoys  transporting 
classified  equipment  may  have  normal  convoy  vehicles  or 
hazardous  convoy  vehicles  such  as  missile  hauling  trailers. 
Most  of  the  time,  convoys  with  classified  equipment  are 
small  and  have  only  one  transport  vehicle  with  the 
necessary  escorts. 

Three  types  of  marches  may  be  used:  close  column,  open 
column,  and  infiltration.  The  difference  between  these 
marches  is  mostly  vehicle  spacing.  Densities  and  speeds 
will  vary  with  such  factors  as  weather,  tactical  situations, 
enemy  capability,  condition  and  type  of  road,  vehicular 
maintenance,  and  types  of  vehicle. 

Close  column  march.  Close  column  march  formations 
arc  used  when  in  blackout  conditions  or  in  congested  areas. 
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Elements  of  the  march  are  grouped  as  compactly  as  possible 
to  reduce  road  space  to  a  minimum.  Vehicles  in  close 
column  follow  each  other  at  the  minimum  distance  which 
safety,  traffic  conditions,  and  the  tactical  situation  will 
permit.  For  planning  purposes,  figure  that  vehicles  move  at 
a  rate  of  10  miles  in  the  hour  (**in  the  hour"  ref::rs  to 
distance  covered  and  not  miles  per  hour  speedometer 
readings)  with  a  density  of  67  vehicles  per  mile  of  road. 

The  advantage  of  the  close  column  march  is  the  full 
traffic  capacity  of  the  road  or  traffic  lane  that  can  be  used, 
since  road  space  is  reduced  to  the  minimum  required  for 
safe  driving.  Column  control  and  intracolumn 
communications  are  better,  and  fewer  guides,  escorts,  and 
markers  are  needed. 

Some  of  the  disadvantages  are  that  close  column 
formations  do  not  provide  dispersion  for  passive  protection 
against  enemy  observation  and  attack.  The  strength  and 
type  of  organization  are  readily  apparent  to  hostile 
observation.  Vehicles  may  arrive  at  loading  and  unloading 
terminals  more  rapidly  than  they  can  be  handled.  Careful 
scheduling  and  rigid  control  of  traffic  are  necessary  to  avoid 
blocking  intersections.  Greater  driver  fatigue  is  generally 
experienced  in  close  column  than  in  other  marches.  Use  of 
the  highway  by  other  traffic  is  severely  limited. 

Open  column  march.  An  open  column  march  is  used 
during  daylight  moves  most  of  the  time.  The  distance 
between  elements  is  increased  to  gain  a  greater  degree  of 
protection  from  hostile  action  and  to  allow  other  traffic  to 
use  tlie  highway  at  the  same  time.  For  planning  purposes, 
figure  that  vehicles  will  move  at  a  rate  of  15  miles  in  the 
hour  with  a  density  of  20  vehicles  per  mile  of  roadway. 

The  advantages  of  open  column  formation  is  that  they 
offer  some  passive  protection  from  enemy  observation  and 
action,  allow  greater  speeds  with  more  safety,  .  permit 
greater  flexibility  in  moves,  and  reduce  driver  fatigue. 

The  disadvantages  of  cpen  column  formations  are  the 
difficulty  in  commanding  and  controlling  them.  Abnormal 
gaps  make  it  hard  for  drivers  to  maintain  prescribed 
spacing.  Open  column  formations  also  permit  less  traffic 
volume  on  a  road  than  more  compact  formations.  In 
comparison  with  infiltration,  open  columns  have  less 
secrecy  and  are  not  as  well  adapted  to  nassive  defense. 

Infiltration.  Infiltration  is  used  when  maximum  secrecy, 
deception,  and  dispersion  are  needed.  This  type  of 
movement  involves  the  dispatch  of  vehicles  to  a 
predetermined  destination  over  one  or  more  routes 
individually  or  in  small  groups  at  irregular  intervals  and  at 
irregular  rates  of  march.  To  an  observer,  an  infiltration 
move  looks  like  ordinary  casual  traffic.  Vehicles  should 
normally  be  dispatched  so  as  to  produce  an  average  density 
not  to  exceed  eight  units  per  mile.  It  is  suitable  for  daylight 
moves,  movement  in  congested  areas,  and  on  routes  which 
cross  heavily  traveled  roads. 

Advantages  of  infiltration  type  marches  are  that  they  give 
the  best  possible  defense  against  hostile  observation  and 
attack.  Under  light  traffic  conditions,  movement  of  the 
individual  vehicle  is  not  materially  affected  by  other 
vehicles  in  the  move  but  is  limited  only  by  orders,  road 
capability,  \ chicle  mobility,  and  the  training,  experience, 
and  physical  condition  of  the  drivers.  Higher  speeds  by 
individual   vehicles   may   be  used   with  this   type  of 
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movement.  Since  traffic  density  is  light,  cross  traffic  may 
move  without  excessive  interference.  A  unit  may  be  moved 
by  infiltration  over  a  route  on  which  traffic  is  too  heavy  to 
permit  movement  to  be  made  in  a  single  unit  or  column. 

The  disadvantages  are  the  length  of  time  it  takes  to 
complete  an  infiltration  march  in  comparison  to  the  other 
types  of  marches.  Thus,  in  spite  of  a  higher  rate  of  march, 
the  total  road  clearance  time  for  a  move  may  be  longer. 
More  importantly,  because  of  extended  distance  between 
vehicles,  internal  control  of  the  march  is  difficult.  Drivers 
are  usually  unable  to  regulate  their  movements  by  the 
vehicle  ahead,  and  caieful  marking  of  the  route  is  necessary 
to  prevent  drivers  from  getting  lost.  If  drivers  operate  alone, 
a  more  detailed  briefing  is  required.  Maintenance, 
refueling,  and  messing  are  sometimes  difficult  to  arrange. 
There  is  a  danger  that  vehicles  may  bunch  up.  Due  to 
relaxed  control,  tactical  employment  of  the  unit  may  be 
difficult  until  the  march  is  completed. 

Internal  Composition  of  Convoys.  Every  convoy  is 
made  up  of  three  internal  elements  or  parts:  head,  main 
body,  and  trail,  with  larger  convoys  having  detached 
parties. 

Head,  The  head  is  the  first  element  of  the  column  in  the 
order  of  march.  The  lead  vehicle  should  contain  the  convoy 
commander,  who  is  there  to  handle  any  problems  that  occur 
at  the  head  of  the  column. 

The  lead  vehicle  is  designated  as  the  pace  setter.  The 
pace  setter  sets  the  pace  to  comply  with  the  rate  of  march. 
The  maximum  pace  is  controlled  by  the  speed  of  the  slowest 
vehicle  in  the  march. 

Main  Body.  The  main  body  of  the  march  follows  the 
head  and  is  made  up  of  the  vehicles  carrying  troops, 
equipment,  and  supplies.  In  large  convoys  this  part  can  be 
subdivided  into  smaller  segments  with  subdivision 
commanders. 

Slower  vehicles  should  be  placed  near  the  head  of  the 
column.  This  arrangement  serves  as  a  governor  on  the  faster 
vehicles  and  prevents  large  gaps  from  developing  between 
elements.  If  the  march  is  divided  into  small  segments, 
elements  are  grouped  with  the  faster  vehicles  at  the  head. 
Thus,  as  the  march  moves,  gaps  between  the  subdivisions 
develop  and  will  allow  the  local  traffic  to  move  with  greater 
ease  around  the  convoy. 

Trail.  The  trail  is  the  last  element  of  the  march.  A 
command  designated  representative  prevents  straggling  and 
maintains  discipline.  Maintenance  and  medical  personnel 
are  included  in  the  trail.  The  trail  commander  also  makes 
sure  that  traffic  from  the  rear  is  warned  of  the  convoy  ahead 
and  picks  up  guides  and  markers.  In  case  of  breakdowns, 
the  trail  personnel  make  repairs,  arrange  for  towing,  or  see 
that  the  vehicle  is  properly  attended  until  disposition  of 
vehicle  and  cargo  can  be  effected. 

Detached  Parties.  Advance  parties  are  detailed  to  locate 
and  arrange  for  campsites;  for  loading  and  parking;  and  for 
supplies,  rations,  water,  fuel,  and  medical  attendance 
before  the  convoy  arrives.  The  advance  parties  are  also 
responsible  for  reconnaissance  and  posting  guides,  traffic 
control  personnel,  and  route  markers  as  needed. 

The  followup  detachment  is  designated  to  inspect  the 
caa.p  areas  and  other  halt  sites  after  the  march  has  left. 
This  party  may  also  pick  up  guides,  guards,  and  markers. 


They  a1  tovicio  for  the  disposition  of  the  dead  or 
wounded  and  of  disabled  vehicles. 

HbUs,  Halts  are  made  lor  puiposcs  of  rest,  personal 
co*nfort  and  relief,  messing,  refueling,  niainteaance  and 
inspection  of  equipment,  and  allowing  other  traffic  to  pass. 

Routine  short  halts  will  be  made  at  the  discretion  of  the 
commander.  Short  baits  should  be  made  for  10  minutes 
after  every  110  minutes  of  running  time.  Long  halts  for 
messing,  refueling,  and  overnight  stays  should  already  be 
designated  on  maps  before  the  march  leaves. 

The  location  for  scheduled  halts  should  be  selected  in 
advance  and  plotted  on  the  map.  Comfort  of  personnel  and 
servicing  facilities  for  vehicles  nre  important  considerations 
in  selecting  sites  for  long  hal  If  a  march  starts  from  a 
populous  area,  its  first  halt  should  be  delayed,  when 
practical,  until  a  rural  aica  is  leachod  to  facilitate  relief  of 
personnel.  Convoys  should  be  stopped  at  a  point  that  will 
give  a  minimum  of  200  yards  of  clear  visibility  to  the  front 
and  rear  of  the  column.  Guards,  warning  flags,  caution 
lights,  or  flares  should  be  posted  in  the  front  and  to  the  rear 
of  the  convoy  if  it  presents  a  hazard  to  passing  traffic. 

Exercises  (470): 

1 .  List  the  three  types  of  convo>  and  one  advantage  and 
one  disadvantage  of  epch. 


2.  List  ihe  three  main  elements  of  a  convoy. 


3.   Which  unit  determines  the  rate  of  march  for  a  convoy? 


4.  What  is  a  detached  party? 


5 .  Why  are  halts  made  during  a  convoy  movement? 


How  often  should  shorter  halts  be  scheduled  for  a 
convoy? 


7.   What  are  two  things  to  consider  when  schc  kiling  long 
halts? 
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471.  State  factors  to  be  coiisidcred,  sources  and  kinds  of 
information,  and  the  importance  of  route 
reconnaissance  in  planning  convoy  movements. 

The  first  step  in  prepari  ^  for  a  convoy  movement  is 
planning.  In  most  cases,  the  care  with  which  the  planning  is 
done  determines  how  efficiently  and  smoothly  the 
movement  is  made.  There  arc  several  things  to  consider 
when  planning  and  coordinating  your  movement.  Among 
ijiese  are  factors  affecting  the  move;  escort,  markings,  and 
permit  requirements;  route  reconnaissance;  type  of  march  to 
be  used;  and  the  preparation  of  march  graphs. 

General  Planning  Factors.  There  are  a  number  of 
factors  that  determine  the  amount  of  planning  needed  when 
a  convoy  movement  is  to  be  made.  When  convoy 
movements  are  being  formulated,  purpose  of  the  convoy, 
quantity  and  type  of  cargo  to  be  hauled,  loading  point, 
destination,  and  arrival  time  must  be  known.  This 
information  is  usually  obtained  from  orders  and  instructions 
issued  by  higher  authorities. 

Next,  determine  the  number  and  type  of  vehicles  which 
are  necessary.  This  can  be  decided  after  the  amount  and 
type  of  cargo  are  known.  The  number  of  personnel 
necessary  depends  to  a  great  extent  upon  the  number  and 
type  of  vehicles  needed. 

Now  determine  the  supplies  that  are  required.  The 
number  of  vehicles,  distance  to  travel,  and  personnel 
involved  are  the  factors  to  be  considered.  When  all  this  has 
been  done,  you  should  answer  the  following  questions: 

•  What  is  the  best  route  to  take? 

•  Where  are  halts  to  be  made? 

•  At  what  speed  will  the  convoy  travel? 

•  Where  will  fuel,  oil,  and  other  supplies  be  obtained? 
However,  if  you  are  not  familiar  with  the  area  of 

movement,  do  not  attempt  to  answer  these  questions  until 
you  have  made  a  route  reconnaissance-  You  will  then  be 
able  to  answer  the  preceding  questions  regarding  the  route. 
After  answering  these  questions,  decide  which  type  of 
march  you  will  use  and  arrange  the  convoy  accordingly. 
You  must  also  arrange  for  convoy  control. 

Finally,  most  movements  within  the  continental  United 
States  or  its  territories  are  coordinated  with  the  civil  traffic 
authorities  before  they  are  started.  Be  sure  to  get  all  the 
necessary  permits  and  clearances  required  from  the  civil 
authorities  as  early  as  possible. 

Route  Reconnaissance.  Route  reconnaissance  simply 
means  to  survey  a  route  over  which  a  convoy  movement 
will  be  made.  This  survey  is  used  to  gather  needed 
information  concerning  the  route  and  adjacent  areas  for 
planning  the  move.  Reconnaissance  should  be  made  before 
and  during  any  motor  move. 

You  may  obtain  basic  information  from  maps  (either 
standard  highway  or  military),  personal  knowledge,  and 
from  reports  furnished  by  engineers.  Security  Police,  and 
weather  forecasters.  Within  the  continental  limits  of  the 
United  States  and  in  most  ov^f^rsea  areas,  you  will  find  well 
marked  routes  and  traffic  personnel  available.  But  even  so, 
you  may  make  a  limited  reconnaissance  to  prevent 
accidents  or  delays.  In  combat  areas,  you  must  make  a 
more  thorough  reconnaissance — lack  of  information  there 
may  prove  disasterous  both  to  personnel  and  equipment. 
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What  information  should  you  obtain  from  a 
reconnaissance?  If  your  reconnaissance  is  thorough,  it 
should  provide  you  with  the  following  information: 

a.  The  location  and  nature  of  major  routes  in  the  area. 

b.  The  location  and  characteristics  of  major  road 
junctions. 

c.  The  location  and  character  of  detours  or  bypasses. 

d.  The  time  and  distance  measurements  between  major 
points. 

e.  The  types  of  road  surface  and  the  condition  of 
roadway  and  shoulders. 

/.  The  width  of  eacft  roadway  and  the  number  of  traffic 
lanes  available  for  movement  in  each  direction. 

g.  The  maximum  grades  (percent). 

h.  Limiting  physical  features  of  the  available  routes 
(clearances,  heights,  loads,  and  widths). 

/.  Facilities  providing  fuel,  repairs,  rations,  water,  and 
other  supplies. 
j.  Availability  of  medical  facilities  in  the  area. 
k.  The  traffic  density  at  critical  points. 
/.  The  variations  in  traffic  density. 

m.  The  location  of  critical  points  (bottlenecks,  points 
needing  traffic  control,  or  highway  regulation). 

n.  Availability  and  type  of  communications  facilities. 

0.  Traffic  control  devices  and  their  locations. 

p.  Types  of  traffic  controls  tnat  are  or  can  be  used. 

q.  The  locations  of  potential  hazards  (lack  of  roadways, 
ice  and  snow,  steep  grades,  etc.). 

r.  The  locations  and  characteristics  of  fords. 

s.  The  routes  which  afford  maximum  protection  from 
hostile  ground  or  air  attack. 

t.  Road  and  bridge  construction  that  may  be  required. 

u.  Sites  that  may  be  adequate  for  dumps  or  depots. 

Exercises  (471): 

1 .  How  are  the  number  and  type  of  vehicles  determined 
in  a  convoy  move? 


2.   Why  is  route  reconnaissance  important  in  a  move? 


3.  What  factor  determines  the  number  of  personnel 
needed  for  a  convoy? 


4.  Complete  the  following  statements  (one  word  in  each 
blank): 

Basic  information  to  be  used  in  route  reconnaissance 

may   be   obtained   from   highway  , 

personal  knowledge,  and  reports  furnished  by 
engineers.       Security      Police,       and  weather 


A  thorough  reconnaissance  usually  reveals  information 

concerning  the  location  of    supply 

facilities  and  critical  en  route. 
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472.  Given  a  inarch  graph,  determine  distance  and  time 
factors  concerning  a  convoy  movement. 

March  Graphs.  A  march  graph  is  a  time-distance 
diagram  used  in  planning,  controlling,  and  recording  the 
progress  of  a  convoy  over  a  given  route.  It  gives  a  visual 
picture  of  a  movement  and  thus  shows  possible  conflicts 
and  congestion  before  they  occur. 

March  graphs  may  be  used  for  an  individual  vehicle,  a 
small  unit,  or  a  large  motor  movement.  They  may  show  the 
movement  at  one  or  several  columns  traveling  at  different 
speeds  over  one  or  more  routes. 

Before  preparing  a  march  graph,  determine  the  following 
information  concerning  the  route  and  movement: 

a.  Distance  from  starting  point  to  destination. 

fe.  Route  characteristics  such  as  road  surface,  curves, 
populated  areas,  intersections,  number  of  lanes,  etc. 

c.  Reasonable  speed  for  the  convoy  to  travel. 

d.  Where  halts  will  be  made,  and  the  time  spent  for  each. 

e.  Checkpoints  along  the  route. 
/.  Rate  of  march. 

g.  The  time  required  to  make  the  move  (by  dividing  the 
distance  by  the  rate  of  march). 


When  you  have  the  required  information,  you  are  ready 
to  prepare  a  march  graph.  As  we  cover  (he  preparation  of  a 
march  graph,  refer  to  flgure  7-17  and  check  each  item  as  we 
discuss  it. 

The  first  requirement  is  that  the  graph  paper  contains 
enough  squares  to  plot  the  distance  and  time  involved  in  the 
move.  Across  the  bottom  of  the  graph  paper,  starting  at  the 
left  and  progressing  to  the  right,  a  time  scale  is  inserted.  A 
scale  of  distance,  usually  in  miles,  is  then  placed  up  the  left 
side  of  the  paper  starting  at  the  bottom. 

After  the  time  and  distance  scales  are  established,  the 
selected  route  is  added  on  the  side  of  the  graph.  The  names 
of  towns,  intersections,  highway  regulation  points,  and 
traffic  control  posts  along  the  route  are  shown  at  their 
proper  locations  on  the  route.  This  is  done  by  the  use  of  a 
diagranunatic  strip  map. 

Next,  the  niK>vement  is  plotted  on  the  prepared  graph. 
For  example*  in  figure  7-17,  a  unit  is  to  march  from  Mt. 
Royal  to  a  point  5  miles  beyond  Travistock.  Scheduled 
departure  time  is  0700  and  the  column  is  planned  to  proceed 
at  the  rate  of  IS  miles  in  the  hour. 

A  dot  is  placed  on  the  graph  at  the  point  where  the  line 
representing  the  place  of  departure  intersects  the  line 
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representing  the  hour  of  departure.  Another  dot  is  placed  on 
the  graph  at  the  point  where  the  line  representing  the 
destination  intersects  the  line  representing  the  hour  the  head 
of  the  column  is  scheduled  to  arrive.  A  straight  line  is 
drawn  to  connect  these  two  dots.  This  line  represents  the 
schedule  on  which  the  head  of  the  column  travels  and 
indicates  when  it  should  reach  any  point  en  route. 

In  addition  to  scheduling  the  head  of  a  column,  the  end  of 
the  column  (the  trail)  may  also  be  scheduled  on  a  march 
{;raph.  For  example,  in  figure  7-17  the  head  of  the  column 
was  scheduled  to  leave  Mt.  Royal  at  0700  hours  and  the  last 
vehicle  of  the  convoy  was  scheduled  to  leave  Mt.  Royal  at 
0730. 

After  the  head  and  trail  of  a  column  have  been  scheduled 
on  a  march  graph,  the  length  of  the  columr.  can  be 
determined.  This  is  done  by  drawing  a  venical  line 
connecting  the  head  and  trail  lines.  This  vertical  line  is 
measured  and  applied  to  the  scale  of  miles,  thereby  giving 
the  overall  length  of  the  column. 

Exercises  (472): 

Using  the  march  graph  in  figure  7-17,  determine  the 
following  planning  (distance  and  time)  factors. 

1 .  What  is  the  distance  the  convoy  will  travel? 


2.  When  should  the  convoy  head  arrive? 


3.  When  should  the  convoy  trail  arrive? 


4.  How  long  (miles)  is  the  convoy  column? 


5 .  Where  should  the  convoy  head  be  at  0930? 


473.  State  and,  from  given  situations,  determine  convoy 
communications  methods. 

Convoy  Communications.  Intracolumn 

communications  help  provide  convoy  control.  Sign 
messages  from  the  front  of  the  column  may  be  written  on  a 
board  and  posted  on  the  driving  side  of  the  road  or 
displayed  by  a  guide.  Such  messages  are  then  noted  by  the 
drivers  as  they  pass  the  signboard. 

Written  messages  directed  to  a  unit  or  vehicle  in  the 
column  may  be  deliveied  by  a  messenger  or  given  to  a 
guide  stationed  along  the  route  who  will  transfer  it  to  the 
proper  vehicle. 


Two-way  sets  may  be  located  in  the  control  cars  of  the 
commander  and  at  the  head  and  trail.  Whci  ipplcmented 
by  receivers  in  other  vehicles  in  the  column,  they  provide 
the  best  intracolumn  communications  and  afford  maximum 
control  of  a  column. 

Whistles  and  other  audible  signaling  devices  (horn,  siren, 
etc.)  can  be  used  as  a  means  of  transmitting  a  command  to  a 
column  when  a  code  has  been  established. 

Visual  hand  and  arm  signals  constitute  another  means  of 
march  communication.  Column  control  signals  may  be 
given  from  the  cab  of  a  vehicle  or  by  a  person  standing  on 
the  road.  The  meaning  of  the  standard  hand  and  arm  signals 
used  for  convoy  control  is  contained  in  AFM  77--2,  Manual 
for  the  Wheeled  Vehicle  Driver, 

Exercises  (473): 

1.  List    four    methods    of   communicating  between 
personnel  within  a  convoy. 


2.  A  message  for  the  driver  of  the  fifth  vehicle  in  the 
march  could  be  delivered  by  what  means? 


3.  Part  of  the  convoy  is  to  be  rerouted  a  short  distance. 
There  is  no  radio  communications  within  the  convoy. 
How  could  the  drivers  be  notified? 


474.  State  responsibilities,  procedures,  and  sources  of 
information  in  the  coordination  and  application  of 
control  measures,  escort  requirements,  and  permits  for 
convoy  movements. 

Coordination/Escort  Requirements  for  Normal 
Convoys.  Normal  convoy  movements  outside  the  local 
area  consisting  of  10  or  more  vehicles  organized  as  a 
column  are  coordinated  with  civil  traffic  authorities  by 
higher  headquarters.  This  also  applies  to  movements  of  10 
or  more  vehicles  dispatched  over  the  same  route  to  the  same 
destination  during  a  1-hour  period.  Arrangements  with  civil 
authorities  for  local  movements  are  handled  by  the  base 
transportation  officer  in  coordination  with  the  Security 
Police  officer. 

Special  Procedures  and  Escort  Requirements  for 
Hazardous  Convoys.  Normal  convoys  are  protected  in 
both  the  front  and  the  rear  by  escort  vehicles.  These  escort 
vehicles  should  be  equipped  with  red  warning  lights,  flares, 
and  other  emergency  equipment.  These  vehicles  travel  far 
enough  in  front  of  and  behind  the  convoy  to  give  adequate 
warning  to  all  approaching  traffic. 

Hazardous  convoys  require  special  markings,  red  flags, 
and  lights  to  make  them  readily  identifiable  and  to  reduce 
their  danger  to  other  tiaffic.   Special  markings  and 
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procedures  also  apply  to  all  vehicles  transporting 
explosives.  Each  truck  carrying  explosives  or  ammunition 
is  properly  marked  with  explosive  warning  signs.  The  word 
''explosives"  or  ''dangerous"  as  determined  by  the  class  of 
explosives  is  exhibited  in  letters  at  least  6  inches  high  on 
reflectorized  placards.  These  placards  are  posted  on  the 
front,  rear,  and  both  sides  of  every  vehicle.  When  two  or 
more  trucks  carrying  explosives  are  traveling  together,  a 
minimum  distance  of  300  feet  is  maintained  between 
vehicles.  Department  of  Transportation  regulations  govern 
the  transportation  of  explosives  on  public  highways. 
Specific  safety  precautions  for  the  transportation  of 
explosives  are  given  in  AFM  127-100,  Explosive  Safety 
Standards. 

Escort  vehicles  lead  and  follow  these  convoys. 
Normally,  escort  vehicles  are  equipped  with  and  display 
rotating  red  flashing  beacons  and  will  also  keep  their 
headlights  on.  Suitable  signs  (preferably  luminous)  are 
displayed,  indicating  that  a  convoy  follows  or  is  ahead. 
Radio  communications  arc  used,  when  available,  to 
facilitate  normal  communications  and  the  immediate 
adoption  of  emergency  procedures. 

Other  vehicles  in  the  convoy  will  have  headlights  and 
running  lights  turned  on  at  all  times.  All  overhanging  and 
projecting  equipment  is  marked  with  red  flags  during 
daylight  when  visibility  is  good;  red  and  amber  lights  are 
used  during  periods  of  poor  visibility  and  at  night. 

The  vehicle  operations  officer  and  the  convoy 
commander  are  responsible  for  insuring  that  these  convoys 
are  equipped  for  all  conditions  expected.  The  coordination 
with  civil  authorities  for  the  movement  of  hazardous 
convoys  is  carried  out  by  higher  headquarters. 

Special  Procedures  Requirements  for  Ciassifled 
Convoys.  Small  classified  convoys  of  vehicles  not 
exceeding  legal  limitations  on  size  or  weight  can  be 
coordinated  locally.  However,  oversize  classified 
equipment  riequires  the  same  coordination  as  any  other 
hazardous  convoy. 

Convoys  with  classified  equipment  are  under  the  direct 
control  of  a  security  officer  who  may  also  act  as  convoy 
commander.  Also,  escorts  leading  and  following  the 
convoy  are  security  guards.  The  number  of  guards  and  their 
locations  in  the  convoy  are  determined  by  the  commander 
ordering  the  movement.  Driver  personnel  must  have 
security  clearances. 

Procedures  in  Coordination  and  Obtaining  Permits 
for  Convoys.  The  first  thing  is  to  determine  whether  or  not 
the  vehicle  is  oversize  or  overweight,  thereby  requiring  a 
clearance.  Each  State  has  established  its  own  limitations  on 
vehicle  widths,  heights,  lengths,  weights,  and  axle 
loadings.  Since  these  limitations  vary  considerably  from 
State  to  State,  you  must  be  familiar  with  those  for  all  the 
States  in  which  your  vehicles  operate.  You  can  get  this 
information  by  checking  State  laws  or  by  asking  the 
appropriate  highway  officials.  However,  there  is  a  simpler 
method.  The  American  Trucking  Association,  Inc., 
publishes  a  consolidated  chart  that  shows  current 
information  on  vehicle  sizes  and  weights  and  other  related 
matters  for  highway  carriers.  This  is  not  an  official  Air 
Force  publication,  but  it  is  used  for  military  vehicle 
movements  and  commercial  carriers. 
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The  Director  of  Transportation  and  Supply  of  the 
appropriate  air  logistics  center  (ALC)  is  the  representative 
designated  to  secure  permits  for  military  vehicle 
movements.  He  determines  whether  or  not  the  movement 
by  highway  is  essential  to  national  security.  When 
appropriate,  he  makes  ail  the  necessary  requests  and 
certifications  to  the  authorities  of  the  States  involved. 

In  some  cases,  there  is  a  recurring  need  for  oversize, 
overweight,  and  special  movements  of  military  vehicles 
within  a  limited  area.  The  director  (mentioned  above) 
coordinates  and  arranges  for  formal  agreements  with  State 
and  local  civil  authorities  for  such  movements.  Copies  of 
these  agreements  are  furnished  to  State  officials,  local 
military  officials,  and  the  Director  of  Transportation, 
Headquarters  USAF.  When  a  movement  is  to  be  made 
under  an  agreement,  the  local  base  transportation  officer 
notifies  the  civil  authorities  of  the  move  and  obtains  the 
necessary  permits. 

When  an  essential  movement  which  is  not  covered  by  an 
agreement  must  be  made,  the  local  base  transportation 
officer  will  request  the  appropriate  ALC  Director  of 
Transportation  and  Supply  to  negotiate  for  the  required 
permits.  The  request  should  be  prepared  on  DD  Form  1265, 
Request  for  Convoy  Clearance,  or  on  DD  Form  1266, 
Request  for  Special  Hauling  Permit.  These  forms  furnish  all 
the  information  normally  needed  for  negotiation.  The 
information  to  be  furnished  for  oversize  or  overweight 
vehicles  includes,  as  a  minimum,  the  following: 

a.  Type  of  equipment  with  the  manufacturer's  name,  if 
available,  and  pertinent  accessories;  gross  weight;  axle  or 
track  loads  anc*  spacing;  and  the  height,  width,  and  length 
of  the  vehicle,  both  loaded  and  unloaded. 

ft.  Origin  and  destination  of  the  movement. 

c.  Proposed  date  and  time  of  the  movement. 

d.  Natureof  the  cargo  (within  security  limitations).  , 

In  addition,  reasons  must  be  given  why  oversize  or 
overweight  vehicles  or  loads  cannot  be  reduced.  Also 
justification  must  be  given  as  to  why  highway  movement  is 
essential  instead  of  using  another  mode  of  transportation. 

In  urgent  cases,  applications  for  permits  can  be  made  by 
electrical  communications  means.  These  message  requests 
should  give  the  required  information  in  the  numerical  c^er 
given  on  the  DD  forms  and  should  be  confirmed  through  the 
submission  of  the  applicable  form. 

Except  in  an  emergency,  all  permits  and  clearances 
necessary  for  convoy  movements  are  obtained  at  least  24 
hours  before  the  movement.  Also,  if  civil  police  escorts  or 
traffic  personnel  are  needed,  arrangements  for  them  must 
be  made  at  least  24  hours  ahead  of  time. 

Exercises  (474): 

1.  What  is  the  best  source  of  information  pertaining  to 
State  laws  concerning  overweight  or  oversize  vehicles 
for  movement  over  highways? 
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2.  Name  three  officials  that  are  given  a  copy  of  a  written 
formal  agreement  for  oversize,  overweight^  and 
special  movement  of  military  vehicles. 


4,  Who  has  the  direct  control  of  vehicles  transporting 
classified  equipment? 


3.  You  have  a  movement  which  involves  19  vehicles.  All 
of  the  vehicles  will  reach  the  same  destination  within  a 
1-hour  period.  Who  is  responsible  for  the  initial 
coordination? 


5.  What  forms  are  used  for  requesting  permits  for 
essential  oversize  convoy  movements  not  covered  by 
formal  agreements  with  appropriate  civil  authorities? 
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ANSWERS  FOR  EXERCISES 


CHAPTER  1 


Reference 

400-  1. 


400  -  2. 

400  -  3. 
400  -  4. 
400-  5. 
400  -  6. 


401 
401 


401  -  3. 
401  -4. 
401  -  5. 
401  -  6. 
401  -  7. 

401  -  8. 

402  -  1. 
402  -  2. 

402  -  3. 

402  -  4. 
402  -  5. 
402  -  6. 
402  -  7. 

402  -  8. 

403  -  1. 
403  -  2. 
403  -  3. 


403 


403  -  5. 
403  ~  6. 
403  ~  7. 

403  -  8. 

404  ~  1. 
404  -  2. 
404  -  3. 
404  -  4. 
404  -  5. 
W4  -  6. 

404  -  7. 

405  -  1. 
405  -  2. 

405  -  3. 


The  major  parts  of  a  DC  motor  include  the  field  assembly, 
frame,  armature,  brush  assembly,  and  end  bells. 
The  armature  is  the  rotating  pan  of  a  DC  motor,  while  the 
commutator  segments  connect  to  the  external  circuit. 
They  are  bolted  to  the  inside  of  the  frame. 
The  field  coils  are  placed  around  the  pole  pieces. 
By  means  of  brushes. 
To  keep  the  armature  in  position. 

Attract. 

The  direction  in  which  the  current  flows  through  the  winding  of 
an  electromagnet  determines  the  polarity. 
Left-hand  rule. 
Commutator. 

The  attracting  or  repelling  force  of  magnetic  fields. 
Series,  shunt,  and  compound, 
a.  Series;  b.  shunt;  c.  compound. 
Series. 

Stator,  rotor,  and  endbells. 

The  squirrel-cage  rotor  is  made  up  of  a  laminated  steel  core, 
rotor  bars,  end  rings  and  shaft. 

House  the  bearings,  align  the  rotor  and  shaft,  and  complete  the 
frame. 

Wound  rotor. 

The  rotor  is  the  rotating  part  of  a  3^  motor. 
Provides  an  attachment  point  for  the  supply  voltage. 
To  reduce  eddy  currents. 

For  variable  speed  control  and  low  starting  current. 

Rotating  magnetic  field. 
Slip. 

(1)  The  difference  in  amount  of  current  flow  in  the  3<}>  power, 

(2)  reversal  in  direction  of  current  flow,  and  (3)  the  arrangement 
of  the  field  winding  in  the  stator. 


RPM 


50  X  120 


1500. 


2-5  percent. 

Frequency  and  number  of  poles. 
The  motor  speed  increases. 
25-percent  slip. 

Wye  or  delta. 
Y,  A. 
Series. 
Parallel. 
10,  II,  12. 
1.2,3. 

3  leads  for  single  voltage  aiid  9  leads  for  a  dual-voltage  motor. 
Run  winding  and  start  winding. 

To  deenergizc  the  start  windings  after  the  rotor  reaches  a 
predetermined  rpm. 

The  centrifugal  switch  is  connected  in  series  with  the  start 
winding. 


405 
405 
405 

405 
405 

406 

406 
406 
406 
406 


-  4. 

-  5. 

-  6. 

-  7. 

-  8. 

-  I. 

■  2. 

■  3. 

■  4. 

■  5. 


(3) 


406  -  6. 
406  -  7. 
406  -  3. 


It  increases  starting  torque. 
75  percent  of  full  speed. 
Permanent/split  capacitor  motor. 

Small  fans,  timers,  and  various  light-load  control  devices. 
It  is  used  in  place  of  a  start  winding. 

(I)  Repulsion  motor,  (2)  repulsion-start  induction-run 
repulsion-induction  motor. 
High  starting  torque  and  low  current  draw. 
The  simple  repulsion  motor. 

They  improve  the  power  factor  during  the  starting  period. 
Because  of  the  low  rate  of  current  flew  in  the  squirrel-cage 
windings  at  low  speeds. 

The  increased  current  flow  in  the  squirrel-cage  windings  when 
the  motor  reaches  operating  speed. 

The  load.  The  motor  operates  at  low  speed  with  a  heavy  load 
and  at  high  speed  with  a  light  load. 
Universal  motor. 


407  -  I .  Two.  407  -2.  Series. 
407  -  3.  Parallel. 

407  -  4.    Leads  5  and  8. 

408  -  1 . 
408  -  2. 


408  -  3. 
408  -4. 
408  -5. 

408  -  6. 

409  -  ; . 
409  -  2. 
409  -  3. 
409  -  4. 
409  -  5. 

409  -  6. 

410  -  I. 
410  -  2. 
410  -  3. 
410  -  4. 


410  -  5. 


411  -  I. 


411-2. 
411-  3. 
411-4. 
411-5. 


411-6. 


412  -  I. 


Manual  and  magnetic. 

A  manual  controller  is  a  device  mechanically  operated  to 
control  a  motor  from  a  single  point. 
In  series  with  the  main  contacts. 
Overload  devices. 
LI,  L2,L3. 

A  drum  switch  is  used  to  change  the  rotation  of  a  motor. 

The  contactor  and  the  overload  relay. 

The  operating  roil. 

To  prevent  contact  chatter. 

Thermal  and  magnetic. 

Bimetallic  and  melting  alloy. 

By  checking  the  motor  data  plate. 

Load  circuit  and  control  circuit. 
Auxiliary  contacts. 

Three.  Each  ungrounded  phase  must  have  an  overload  device. 
Float  switch,  pressure  switch,  thermostat,  and  photoelectric 
cells  are  common  automatic  controls  used  to  operate  magnetic 
starters. 

It  is  the  portion  of  the  starter  that  starts,  stops,  controls,  and 
protects  the  motor. 

(I)  Physical  location,  (2)  ambient  temperature,  (3)  duty,  (4) 
bearings,  (5)  voltage,  (6)  mechanical  connection  to  load,  and 
(7)  motor  data  plate. 
Splash-proof. 
40(de  C. 

Ball  bearings  or  roller  bearings. 

(1)  Maker's  name,  (2)  rated  volts  and  full-load  amperes,  (3) 
rated  frequency  and  number  of  phases,  (4)  rated  temperature 
rise,  (5)  rated  full-load  speed,  (6)  time  rating,  (7)  code  letter, 
and  (8)  rated  horsepower. 
Outdoors,  (it  can  be  exposed  to  the  weather). 


Visually  inspect  excessive  wear,  the  gears,  sprockets,  coupling, 
belt  tension,  pulleys  and  belt  alignment  and  tension 
412  -  2.    25  psi. 

412-3.    Can  cause  motor  bearings  to  overheat  and  cause  bearing  failure, 
excessive  wear  to  the  bearing,  and  seizures. 
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412  "A,    Connections  should  be  clean  and  tight.  Check  all  wiring  for 

discoloration. 

413-1.    (1)  Overload,  (2)  loss  of  power,  (3)  driven  machine  blocked, 
(4)  worn  bearings,  and  (5)  bad  connections. 

413  -  2.    An  ammeter. 

413-3.    By  using  a  soldering  gun  to  restore  the  circuit. 

413-  4.    By  disconnecting  the  motor  from  its  load  and  rotating  the  rotor 

shaft  of  the  motor  by  hand. 

413  -  S.    By  adding  fiber  space  washers. 

414  -  1 .    Open,  grounded,  and  shorted  circuits. 

414-  2.    At  any  point  between  the  power  source  and  the  rotor. 

414  3.  In  order  to  determine  whether  a  ground  exists  in  the  motor  or  on 
tne  conduit. 

414-4.  When  the  ground  docs  not  exist  in  the  conduit  from  the  stator  to 
the  motor. 

414-5.    By  checking  across  conductors  with  the  power  off. 
414  -  6.    Continuity  across  any  two  conductors. 

4 14  -  7.  Continuity  between  any  combination  of  lead  numbers  other  than 
those  which  form  a  winding. 

414-  8.    The  motor  will  slow  down  under  load;  it  wil3  have  low  starting 

torque  and  signs  of  overheating. 

415-  1.  (l)a. 

(2)  a,  * 

(3)  c. 

(4)  c. 

(5)  e. 

(6)  b. 

(7)  d. 

(8)  b. 

(9)  d. 

(10)  a. 

(11)  c. 

(12)  e. 

CHAPTER  2 

416  -  1 .   The  use  of  the  location. 

416-  2.    Danger  is  eminent  at  any  or  all  times  during  the  normal  course 

of  operation. 

416-3.  Danger  is  not  believed  present  under  normal  conditions,  but  is 
likely  to  arise  from  a  reasonably  foreseeable  accidental 
occurrence. 

416  —  4.    Gas  stations  and  hospital  operating  rooms. 

416-5.   Grain  elevator,  flour  mills,  and  coal  pulverizing  plants. 

416-6.    Class  111. 

416  -  7.   Class  I. 

417  -  1.    It  is  usually  identified  as  explosion-proof,  dust-proof,  or  spark- 

proof,  whereas  standard  is  not. 

2.  No. 

3.  Class  1. 

4.  Class  II. 

5.  Spark-proof. 

-  1 .  Rigid  metal  conduit,  IMC,  or  type  MI  cable. 

-  2 .  To  minimize  sparking . 

-  3.  Five. 

-  4.  Seal-off. 

-  5.  It  must  be  dust  ignition -proof. 

-  6.  Reduces  costs  and  minimizes  the  equipment  located  in  the 
hazardous  area. 

1.  T. 

2.  T. 

3.  T. 

4.  F.  They  should  be  assembled  to  their  mating  bodies. 

5.  F.  They  prevent  a  close  fit  and  may  allow  arcs,  flames,  and 
sparks  to  pass  through  them,  causing  fires. 

6.  F.  Never  use  abrasive  material. 

7.  T. 

8.  T. 

9.  T. 


417 
417 
417 
417 

418 
418 
418 
418 
418 
418 

419 
419  • 
419- 
419 
419 

419 
419 
419 
419 
419 
419 
419 


10.  T. 

11.  T. 

12.  T. 


420  -  1. 
420  -  2. 
420  -  3. 
420  -  4. 
420  -  5. 


421  -  1. 


421 
421 
421 
421 
421 
421 
421 
421 
421 


2. 

3. 

4. 

5. 

6. 

7. 
•8. 
■  9. 
•  10. 


421-11 


422 

4^2 


422 
422 
422 


3. 
4. 
5. 


423  -  1. 


423 
423 
423 
423 
423 
423 


423  -  8. 


424  • 
424  • 
424  • 
424  ' 
424 
424 


424  -  7. 


425 
425 


425 
425 


T 
T. 

F.  It  should  be  powered  by  a  low -voltage  dry  cell  battery'. 

F.  It  should  not  be  located  in  a  hazardous  area  unless  necessary, 

T, 

CHAPTER  3 

A  step  up  transturmer  delivers  a  higher  voltage  in  the  secondary 
than  the  primary  voltage;  a  step-down  transformer  delivers  a 
lower  voltage  to  the  secondary  than  the  primary  voltage. 

The  core,  primaiy  winding,  secondary  winding,  and  the  case. 
Mutual  induction. 

Distribution  and  large  power  transfomier. 
24  volts. 

Copper  losses  and  core  losses. 
Silicon  steel. 
PF  =  85  percent. 
True  power. 

Secondary  transformer  windings  connected  in  parallel  deliver 
the  same  voltage  in  each  winding;  however,  the  currents  of  each 
winding  add. 

The  purpose  is  a  current  transformer.  The  primary  winding  is 
connected  in  series  with  the  circuit  in  which  it  is  desired  to 
change  the  current. 

T. 

F.  Current-carrying  capability  is  based  on  the  size  of  the  wire  in 

the  coils  and  the  size  of  the  terminal  connections. 

T. 

F.  Taps  or  jumpers  are  connected  on  the  high  voltage  windings. 
F.  All  coil  leads  of  the  higher  vohage  windings  are  marked  with 
the  letter  *'H''. 

125  percent  of  50  amps  equals  62.50  amps.  The  standard  size 
overcurrent  device  would  be  60  amp. 
112'/aKVA. 
Delta  or  wye. 

Delta-delta  connected  for  light  and  power. 
Wye-delta  connecter  for  light  and  power. 
Every  few  years. 

To  assure  that  all  mechanical  parts  are  tight  and  in  their  proper 
places. 

To  prevent  overheating. 

Open  windings,  shorted  windings,  and  grounded  windings. 
A  break  in  the  continuous  path  of  an  electrical  circuit. 
One  of  the  windings  is  open. 
An  ohnuneter. 

Overheating  and  low  or  no  voltage  output. 

When  the  winding  insulation  breaks  down  and  the  bare  wire 

touches  the  inside  of  the  transformer  case,  you  have  a  ground. 

Megger. 

Voltage. 

The  series  regulator  requires  only  a  series  regulator  element  in 
series  with  the  unregulated  power  supply.  The  shunt  regulator 
represents  an  additional  current  load  in  parallel  with  the  load  it 
is  regulating,  which  increases  the  current  requirements  of  the 
unregulated  power  supply. 
Two. 

When  an  increase  in  direct  current  can  no  longer  cause  an 
increase  in  flux.  Practically  no  energy  can  be  transferred 
between  primary  and  secondary  windings. 
Theater  lighting,  dimming  controls,  and  motor  controls. 
Severe  waveform  distortion. 

That  of  maintaining  an  essentially  constant  voltage  under 
various  load  conditions. 
Inspect  for  proper  voltage. 

Keep  clean  by  removing  any  dust  and  lint,  provide  proper 
ventilation  and  check  for  proper  voltage. 
Zero  volts. 
Replace  it. 


425  -  5. 

425  -  6. 

426-  1. 

426  -  2. 
426  -  3. 

426  -  4. 

426  -  5. 

427  —  1 .    By  passing  a  current  through  it  in  the  reverse  direction. 

427  -  2.    The  material  from  which  the  plates  are  made  and  the  type  of 
electrolyte. 
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427 
427 
427 

427 
427 


3. 
4. 
5. 

6. 
7. 


427  -  8. 


427 
427 
427 


•9. 

10. 
-  11. 


427 
428' 

428 
428 
428 
428 

428  ■ 
428 
428  - 
428  ■ 

428  • 

429  ' 
429- 


-  12. 


2. 
•  3. 
4. 
5. 

6, 
7. 
8. 
9. 
10. 

1. 

2. 


429  -  3. 


429  ' 
429 
429  ■ 
429  • 

429  ' 
429  • 

429  - 
429- 

429  - 

430  - 
430  - 
430- 
430- 


■  4. 

■  5. 

•  6. 

•  7. 

■  8. 
9. 

10. 
11. 
12. 

1. 
2. 
3. 
4. 


431  -  1. 


431 
431 
431 


432 
432 


432 
432 
432 
432 
432 


-  1. 


-  2. 


-  3. 


-5. 

-  6. 

-  7. 


Ammonium  chloride. 
A  flashlight. 

(1)  It  can  be  recharged.  (2)  it  can  be  built  to  provide  greater 

current,  and  (3)  it  is  more  economical  in  the  long  run. 

The  plates  arc  made  of  lead  and  the  electrolyte  is  sulfuric  acid. 

Its  comparative  weight  with  respect  to  the  weight  of  an  equal 

volume  of  water. 

With  a  hydrometer. 

At  temperatures  above  80**. 
2.15  volts. 

The  electrolyte  does  not  participate  in  the  chemical  reaction  of 
the  battery;  it  merely  provides  the  conductive  path  between  the 
positive  and  negative  plates. 
1.30  volts. 

For  charging  more  than  one  battery  at  a  time  and  when  higher 

voltages  arc  required  than  a  single  battery  can  deliver. 

The  sum  of  the  two  batteries*  voltage  is  increased. 

None;  amperage  capacity  is  increased. 

Ventilation. 

Metal,  fiberglass,  or  any  nonmctallic  material  able  to  resist 

deteriorating  action  by  an  electrolyte . 

Mounted  on  a  rack  or  in  trays. 

A  layer  of  petroleum  jelly. 

A  stiff  brush. 

Tap  water. 

An  apron,  goggles,  and  rubber  gloves. 

Motor  generator  types  and  AC-to-DC  rectifiers. 
Direct  current  is  forced  through  the  battery  in  the  opposite 
direction  from  which  the  current  flows  during  discharge.  Acid 
is  driven  back  into  the  water  solution,  thus  restoring  the 
electrical  energy  as  chemical  energy. 

Wa'^r  is  broken  down  and  hydrogen  is  released  at  the  negative 
plates  and  oxygen  at  the  positive  plates.  These  gases  bubble  up 
through  the  electrolyte  and  collect  in  the  airspace  at  the  top  of 
the  cell. 

To  change  AC  to  DC. 

Flammable  fumes  that  could  explode  arc  discharged. 
Selenium  and  iron. 

Limited  to  the  amount  of  currcnt,  voltage,  and  heat  it  can 
withstand. 

They  arc  smaller  and  cheaper  than  dry-disc  rectifiers. 

Currcnt  flows  in  the  desired  direction  during  the  first  half  and  is 

blocked  during  the  other  half. 

Four. 

Four. 

Capacitor  and  choke. 

Allow  proper  ventilation  and  keep  the  unit  clean. 
Replace  the  rectifier. 
An  oscilloscope. 
By  feeling. 

a.  Shorted  cell. 

b.  Open  cell. 

c.  Low  specific  gravity. 

d.  Dead  cell. 
Replace  the  battery. 

In  accordance  with  prescribed  directives. 

Always  connect  the  ungrounded  terminal  first;  this  prevents 
sparking  if  your  wrench  touches  the  ground  or  frame  while  you 
arc  tightening  the  terminal. 

They  provide  a  temporary  source  of  light  when  commerical 
power  is  lost. 

(1)  Rechargeable  battery,  (2)  battery  charger,  (3)  low- voltage 

incandescent  floodlights,  and  (4)  test,  monitoring,  and  control 

accessories. 

6. 

12. 

25  watts,  6  volts,  and  sealed  beam. 
1000. 

The  AC  relay  deenergizes,  closing  a  set  of  contacts,  which 
provides  a  path  for  the  battery  voltage  to  energize  or  turn  on  the 
floodlight. 


432 

432 

432 
433  ' 

433  • 
433  • 


8.  This  allows  the  power  to  be  shut  off  and  the  exit  lights  to  Mill 

work. 

9.  They  provide  a  means  of  identifying  the  outside  doors  to  a 
building. 

10.  Incandescent  and  fluorescent. 


1 .  It  must  be  able  to  maintain  at  least  87 '/i  percent  of  the  sy.stem 
voltage  for  a  periotl  of  at  least  I  Vi  hours. 

2.  Transparent,  or  translucent, 

3.  Independent  of  regular  wiring  and  in  a  separate  race  way.  ""enable, 
or  box. 

433  -  4.    The  space  where  the  light  is  out  cannot  be  left  totally  dark. 

434  -  I .  Monthly. 
434  -  2,    CE  p>ersonnel. 
434  -  3.    Written  record. 

434  -  4.  Check  water  level  and  electrolyte,  check  charging  rate,  test  for 
operation,  replace  lamps,  if  necessary,  and  remove  any 
corrosion. 

434  -  5 .    Wash  battery  termmais  with  a  solution  of  baking  soda  and  warm 

water.  Apply  a  small  coat  of  lubricant. 
434  -  6.    About  every  6  months. 
434  -  7.    Replace  it  with  the  same  type  of  battery. 
434  -  8.    The  plug-in  type;  insert  a  new  one. 

434  -  9.    ( I )  Bad  fuse.  (2)  transformer.  (3)  diode  or  bridge  rectifier. 

435  -  1 .    To  turn  a  piece  of  equipment  on  or  off, 
435  -  2.    Manual  and  automatic. 

435  -  3.    (l)Toggle  switch.  (2)  rotary  switch.  (3)  pull  and  turn  switch. 
435  -  4,    (1)  Bimetallic  blade.  (2)  helix  control.  (3)  hydraulic  control.  (4) 
timers. 

435  -  5.  A  thermostatic  metal  that  coils  and  uncoils  when  heat  is  applied. 
435  -  6.    Expanding  and  contracting  effect  caused  by  heating  two  pieces 

of  dissimilar  metals, 
435  -  7.    A  capillary  tube  transfers  heat -created  pressure  to  the  diaphram. 

Coil  type  and  ribbon  type. 
Surface-cooking  type  and  immersion. 
Inside  a  copper  tube  or  cast  in  an  iron  tube. 
Nichrome. 

Where  the  material  to  be  heated  is  dry  and  the  element  does  not 
come  in  contact  with  anything. 
Small  appliances  such  as  irons  and  toasters. 
Nichrome . 
Discard  it. 
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436  ■ 
436  ■ 

436  • 

437  ■ 
437  ■ 
437  - 
437  - 

437  - 
437  - 

437  - 

438  - 
438  - 
438  - 
438  - 
438  - 
438  - 
438  - 


I. 

-  2. 

•  3. 

•  4. 

-  5. 

6. 

■  7. 

■  8. 

I. 

2. 

■  3. 

■  4. 

5. 
6. 
7. 

I. 
2. 
3. 
4. 
5. 
6. 
7. 
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439 
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439  -  8. 


T. 

T, 
T, 

F.  A  thermostat  acts  as  the  main  switch  and  regulates 

temperature. 

T. 

T. 

T. 

On  the  nameplate. 

By  its  green  color. 

125  percent. 

800  to  16.000  watts. 

Upon  the  kilowatt  rating  of  the  range. 

6  or  8, 

It  must  be  protected  by  a  50-amp  overcurrent  protection  device; 
and  all  receptacles,  switches,  and  sockets  must  have  a  rating  of 
50  amps. 

To  prevent  possible  arcing  at  the  prongs  of  the  male  plug  and 
the  wall  outlet. 

Visual  inspection. 
Continuity. 

Check  the  power  supply  and  the  condition  of  the  power  coid. 
Incorrect  or  reverse  connections. 
Replacement  of  bumed-out  heating  elements. 
There  are  none.  They  must  be  replaced. 

Dress  the  contact  points  with  a  strip  of  cardboard  or  a 
burnishing  tool. 

The  power  connections,  switches,  and  the  motor  field 
windings. 
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-  2. 


1.  Loose  connections,  bumed  or  pitted  contacts,  and  improper 
mounting  of  switches. 

By  lubricating  the  contacts  and  spring  mechanism  with 
non oxide  grease. 

3.  By  adjusting  the  temperature  setting  of  the  control  to  agree  with 
the  temperature  recorded  in  the  appliance  or  equipment  being 
tested. 

440  -  4.    A  good  element. 

CHAPTER  4 

441  ~  1 .    Corrosion  is  the  gradual  destruction  of  a  material  by  chemical  or 

electnxhemical  means. 
441-2.    a.  Anode — the  metal  or  portion  of  a  metal  which  is  corroded 
and  from  which  the  current  leaves. 

b.  Cathode — the  metal  or  portion  of  a  metal  which  the  current 
enters. 

c.  Electrolyte — a  solution  capable  of  conducting  electricity. 

d.  Metal  circuit — the  circuit  through  metal  or  a  conductor 
joining  the  two  metals  or  areas  of  metal. 

441-3.  Simple  cell  corrosion  takes  place  where  there  is  moist  soil  at 
one  point  of  a  substance  and  soil  of  a  different  moisture  content 
at  another  point. 

442  -  1 .  At  the  anodic  area. 
442  —  2.  Stray-current  corrosion. 
442  —  3.  General  corrosion. 
442  —  4.  Galvanic  corrosion. 
442  -  5.  Aluminum. 

442  -  6.    In  sea  water. 

442  -  7.  Zero. 

442  -  8.  Hydrogen. 

442  —  9.    Because  of  polarization. 

442  -  10.  Concentration-cell  corrosion. 

442  -11.  Steel  pipe  exposed  to  clay. 

442  —  12.  Localized  concentration-cell  corrosion  caused  by  contact  with 
lumps  of  clay  in  a  sandy  loam  backfill. 


443  - 

1. 

By  reducing  the  i 

443  - 

2. 

Direct  current. 

443  - 

3. 

a. 

GA. 

b. 

IC. 

c. 

GA  orlC. 

d. 

GA. 

e. 

IC. 

f. 

GA. 

g- 

IC. 

GA. 

IC. 

j- 

OA. 

k. 

IC. 

1. 

GA. 

m. 

GA. 

n. 

GA  and  IC. 

o. 

GA  and  IC. 

P- 

GA. 

q- 

GA. 

r. 

IC. 

s. 

IC. 

t. 

GA  and  IC. 

u. 

GA  and  IC. 

V. 

GA  and  IC. 

445  -  2.    In  the  facility  jacket  folder. 

445  -  3.    TAB  G-8  of  the  master  plan. 

445  -  4.    In  the  corrosion  engineer*s  possession. 

445  -  5.    By  placing  a  colored  head  pin  at  each  point  where  there  is  a  leak 

on  a  base  map  installed  in  the  corrosion  engineer's  office. 
445  -6.  (l)c. 

(2)  a. 

(3)  b. 

(4)  d. 

(5)  d. 

(6)  b. 

(7)  c. 

(8)  a. 

(9)  a. 

(10)  d. 

(11)  b. 

(12)  c. 

445  —  7.    The  corrosion  problems. 

445  -  8.    The  effectiveness  of  the  cathodic  protection  system. 

445  -  9.    Pipeline  current  tests. 

446  -  I .    We  measure  our  various  potentials  against  the  engineer's 

criteria. 

446  -  2.    With  the  reference  electrode  as  close  to  the  structure  as 
possible. 

3.  Structure-to-electrolyte  potential. 

4.  The  protective  current  is  applied  to  the  circuit. 

5.  The  protective  current  is  turned  off. 

6.  When  the  entire  structure  is  polarized  to  at  least  -0.85  volts. 

7.  When  bare,  poorly-coated  or  old  steel  structures  are  to  be 
protected. 

8.  -2.05  volts. 


446  • 
446- 
446- 
446 
446 

446 
447 

447 
447 
447 


444-  1.    To  permit  free  air  circulation,  keep  dust,  brush,  and  grass 
cleared  out. 

444  -  2.    To  prevent  birds  from  nesting  and  to  keep  snakes  out. 
444  -  3.    When  it  becomes  cloudy  looking. 

444  —  4.    The  pits  have  been  sealed  off  and  the  corrosion  has  stopped  or 

slowed  down. 
444  -  5.    The  corrosion  is  active. 

444  -  6.    It  physically  separates  a  metal  structure  from  the  electrolyte. 

444  -  7,    Corrosion  accelerates  at  bare,  damaged  spots  in  coated  surfaces 

because  current  will  concentrate  at  small  areas  of  bare  metal. 

445  -  1 .    A  history  of  the  system  to  include:  what,  when,  and  where  it 

was  installed,  maintenance,  and  operability  of  the  system. 


1 .  a.    Tell  how  the  system  is  functioning, 
b.    Discloses  any  changes  in  electrical  flow. 

2.  When  the  structure  cathodic  protection  system  is  first  installed. 

3.  Structure-to-electrolyte  measurements. 

4:    A  high-resistance  voltmeter  and  a  copper-copper  sulfate  half- 
cell. 

447  -  5.  The  negative  terminal  of  the  voltmeter  is  connected  to  the 
structure  and  the  positive  terminal  to  the  electrode  of  a  copper- 
copper  sulfate  half-cell. 

447  -  6.    The  potential  value  from  the  voltmeter. 

447  -  7.    Outside  influences  or  failure  of  the  cathodic  protection  system. 
447  —  8.    A  high-resistance  connection. 
447  -  9.    Which  lead  wire  is  attached  to  the  anode. 
447  —  10.  Insert  an  ammeter  into  the  conductor  between  the  anode  and  the 
structure. 

447  -11.  Install  a  permanent  pavement  insert. 
447  -  12.  Structure-to-electrolyte  measurements. 
447  -  13.  Test  stations. 
447  -  14.  Thermite  welding  and  crimping. 

447  -  15.  By  means  of  a  thermite  weld  cap  filled  with  mastic . 

448  -  1 .    The  soiVs  ability  to  conduct  or  resist  electricity  is  related  to  the 

rate  of  buried  or  immersed  structure  corrosion. 
448  -  2.    With  a  Vibroground  instrument. 
448  -  3.    5  feet. 

448  -  4.    A  depth  equal  to  the  pin  spacing. 
448  -  5.    By  reversing  the  DC  current  or  using  an  AC  meter. 
448  -  6.    By  its  inverse  characteristic,  conductivity. 
448  -  7.    It  is  used  to  measure  the  resistivity  of  a  small  sample  of 
electrolyte. 

448  —  8.    In  galvanic  anode  systems,  soil  resistivity  measurements  are 

used  to  determine  how  many  and  where  anodes  are  needed;  in 
impressed  current  systems,  measurements  are  used  to  calculate 
the  resistance  of  the  groundbed. 

449-  1.    Quarterly;  annually. 

449  -  2.    Structure-to-electrolyte  potential. 

449  -  3.  To  determine  the  level  of  protection  and  trend  of  changes  in 
protection. 

449  —  4.    To  check  lead  continuity,  anode  condition,  and  location. 
449  -  5.    Over  the  anode. 

449  -  6-  At  the  same  time  structure-to-electrolyte  measurements  are 
taken  (annually). 
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449 
449 

449 
449 

450 
450  ■ 

450  ' 
450 


■  7.  Monthly. 

'  8.    The  point  of  maximum  pottntial  and  three  points  of  minimum 

potential. 
9 .    In  Section  9  of  AF  Form  49 1 . 
'  10.  Annually. 


455 


450 
450 

450 

450 

450 

450 


•5. 
■  6. 

-  7. 

~  8. 

~  9. 


451 

1. 

451 

2. 

451 

- 

3. 

451 

4. 

451 

5. 

451 

~ 

6. 

451 

— 

7. 

452 

1. 

452 

__ 

2. 

452 

— 

3. 

452 

- 

4. 

452 

— 

5. 

452 

— 

6. 

452 

7. 

452 

8. 

453 

1. 

453 

2. 

453 

3. 

453 

4. 

453 

5. 

453 

6. 

453 

7. 

453 

8. 

453 

9. 

453 

10 

453 

11 

453 

12, 

453 

13, 

454 

1 

454 

2. 

454 

3. 

454 

4. 

454 

5. 

454 

6. 

454 

7. 

454 

8. 

455 

1. 

455 

2. 

455 

3. 

455 

4. 

455 

5. 

-0.85  volt. 

Panial  protection  and  may  indicate  that  the  leads  to  one  or  more 
anodes  are  broken,  or  the  anodes  are  used  up. 
There  is  a  leak  on  the  structure. 

Conduct  coating  conductance  tests  and/or  Pearson  type  over- 
the-ground  holiday  detector  tests.  To  fix  the  fault,  excavate  the 
line  and  patch  the  coating  or  install  additional  anodes. 
Follow  the  flow  of  electricity  through  the  unit. 
Turn  off  the  rectifier  by  throwing  the  AC  cireuit  breaker  and  the 
outside  disconnect  switch. 

The  stacks  may  be  defective  and  should  be  checked  for  opens  or 
shorts. 

Gas  blockage  or  dry  soil;  or  the  anodes  may  need  to  be 
replaced. 

Blown  fuses,  loose  terminals,  lightning  damage,  faulty  meters, 
and  open  circuit  breakers. 
10.  Check  for  shorts  or  overloads  and  repair  damaged  components. 

CHAPTER  5 

T. 
T. 

F.  The  signal  may  be  audible,  visual,  or  a  combination. 
F.  They  may  be  coded  or  uncoded. 
T. 

F.  They  arc  to  notify  the  occupants  to  evacuate. 
T. 

Power  source,  pull  station,  circuit  conductors,  and  bells. 
Closing  a  switch,  completing  a  current  path  through  the  bell 
circuit. 

To  warn  personnel  when  operating  capability  is  lost. 
Batteries. 

Simulates  an  alarm  activation. 

Varying  the  current  flow  through  a  network  of  circuits. 
Switch. 

The  contacts  open. 

The  major  command. 
No.  14  AWG. 
Conduit;  raceway. 
Line. 
4'/z. 
Recess. 

Maintenance;  troubleshooting. 
AFR  92-1. 

Wiring  and  equipment  schematic  diagrams,  as-built  drawings, 
manufacturers*  technical  data,  and  system  revision  information. 
Visual;  operational. 
At  the  termination  points. 
Break  the  circuit  electrically  in  half. 
The  same  type  as  removed. 

To  give  the  earliest  possible  notice  of  an  attempted  intrusion. 
Control  unit  and  its  sensor  components,  and  the  monitor  and 
display  equipment. 
Within  the  protected  structure. 
Battery  power  will  automatically  switch  over. 
Secure,  Access,  Test/Reset. 
Motion  sensor. 

The  status  of  the  monitor  cabinet  power. 
Status  monitor  module. 

20  VDC. 

A  rise  in  ohmic  valve  in  the  circuit. 
It  produces  metal  shavings. 

Covers  will  be  secured  with  a  tamper  switch,  by  tack  welding, 
brazing,  orepoxy  filling,  or  provided  with  twist-off  screws. 
Power  conductors  NO.  14  AWG;  low  voltage  conductors  NO. 
22  AWG. 


455  -  7. 

456  -  I. 
456  -  2. 
456  -  3. 


The  diagram  should  show  the  complete  system,  be  marked 
Confidental.  and  placed  in  an  appropriate  container. 
T.O.  series  3159-4. 

For  their  own  protection. 
T.O.  series  315-4. 

To  indicate  which  group  of  sensors  processed  an  alarm 
condition. 

An  alarm  reading  of  20  VDC;  no  alarm  reading  is  0  VOC. 
Minimum  of  1 9  VDC  to  maximum  of  2 1  VDC. 
Replacement. 

To  bring  the  system  back  on  line  as  soon  as  possible. 
456  -  8.    Tag  your  conductors. 

CHAPTER  6 

X. 

X. 
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461 
461 
461 
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4. 

5. 
6. 
7. 


X. 

Medical;  dental. 
Mental;  physical. 
Broken  in. 

Dry  footwear;  massage. 
Salt. 

Exercise. 
Training. 

Deserts  are  more  often  made  up  of  rock  and  scrub  veeetation. 
X. 
X. 

Shoes  should  be  thick  and  sturdy  to  protect  from  rocks  and 
thorns. 
X. 
X. 
X. 
X. 

Footwear  should  be  made  up  of  layers  of  clothing  and  should 
not  bind  or  restrict  circulation. 

Blood  feeding  insects  are  a  problem  in  artic  areas  in  the  summer 
only. 
X. 

Trench  foot  is  more  of  a  problem  in  arctic  summers  than 
winters. 

460  -  I.    An  **X**  should  be  placed  by  b.  d.e,  f.andg. 

1.  True. 

2.  True. 

■  3.  True. 

■  4.  True. 
■5.  False. 

CHAPTER  7 


459  -  10 


II 

12, 


462  -  1. 

462  ~  2. 

463  ~  I .  a. 


463  -  2. 


464-  I. 

464  -  2. 
464-3. 


An  **X**  should  be  placed  by  aandd. 
An  **X**  should  be  placed  by  c. 

Knob  and  tube:  A  positive  and  negative  conductor  bus  run 
in  an  overhead  space  with  the  conductors  supported  on 
porcelain  split  insulators. 

b.  Twisted  wire  and  cleats:  Adaptation  of  knob  and  tube  with 
a  twisted  pair  of  wires  separated  for  bus  taps  by  ceramic 
cleats. 

c.  Ground  return,  single  wire:  The  earth  is  used  as  the  neutral. 

a.  Twisted  wire  and  cieats. 

b.  Knob  and  tube. 

c.  Ground  return,  single  wire. 

Most  foreign  systems  have  not  been  installed  in  accordance 
with  the  NEC.  This  is  attributed  largely  to  material  shoruges. 
Converted;  modified;  inefficiently. 

The  electrician  or  unit  commander  may  use  foreign  equipment 
which  may  be  difficult  to  obtain  or  they  may  modify  standanl 
U.S.  equipment  to  use  with  the  foreign  system. 


EKLC 


^27 


465 
465 

465 
465 


5. 
6. 
7. 
8. 

-  9. 


465 
465 
465 
465 

465 
465 
465 

466 


466  -  2. 


464  -  4,    Both  lamp  and  ballast  life  will  be  shortened, 

464  -  5.  Obtain  a  frequency  changer  to  use  with  receiving  transmitting 
equipment.  The  only  time  this  equipment  should  be  used 
without  a  changer  is  in  an  emergency  as  it  will  not  operate 
satisf;^rtorily  either  below  or  above  the  rated  frequency, 

464  -  6.  A  special  joint  compound  must  be  applied  to  all  connections  or 
joints. 

A  walkaround  inspection  for  the  general  condition  of  the  truck. 
Leaks  of  oil,  fuel,  hydraulic  fluid,  water,  antifreeze,  or  brake 
fluid. 

Cuts,  wear,  direction  of  rotation,  and  proper  inflation. 
Familiarize  yourself  with  the  location  of  the  gauges,  adjust  the 
seat  and  mirror,  and  fasten  the  seat  belt.  Place  the  transmission 
in  neutral  with  the  clutch  disengaged,  set  the  brake,  and  turn  the 
ignition  to  start. 
The  oil  pressure  gauge  or  light. 
To  allow  the  transmission  fluid  to  circulate. 
To  remove  condensation. 

y4  tank;  to  reduce  condensation  and  to  have  enough  in  ca,se  of  an 
ernergency. 
Park  or  reverse, 

10.  Hydraulics. 

1 1 .  Lay  the  forks  flat  on  the  ground. 

1 ,  Flats  on  inside  duals  can  be  changed  by  using  a  2-inch  block 
under  the  inflated  tire  to  raise  the  vehicle.  Block  the  axle  and 
dig  the  dirt  out  from  the  blocked  tire. 

First,  try  digging  the  soil  from  in  front  of  the  wheel  with  a 
shoveU  mattock,  axe,  or  pick.  If  that  proves  unsuccessful, 
obtain  a  log  or  piece  of  heavy  timber  long  enough  to  reach 
across  the  hole  in  front  of  the  wheel.  Fasten  the  log  to  the  wheel 
with  a  chain.  Apply  power  to  the  wheel;  when  the  wheel  pulls 
out  of  the  hole  have  someone  fill  the  hole  with  rock  or  other 
suitable  material. 
466  -  3.    Back  up  the  vehicle  until  the  A-frame  is  upright. 
466    4.    Use  of  a  properly  fastened  towbar;  or,  if  not  available  tie  front 
bumper  of  lowed  vehicle  tightly  to  the  rear  of  the  towing 
vehicle. 
466  -  5.    Skid;  timber. 

466  --6.    (1)  Single  line  straight  pull.  (2)  The  one  using  both  the  spreader 

bar  and  the  snatch  block. 
466  -  7.    The  shear  pin  will  break,  or  the  brake  lining  will  be  needlessly 

worn. 

466  -  8.  Fasten  a  rope  between  the  duals  on  one  side  of  tiie  tnick  and 
those  on  tl}e  opposite  side.  Fasten  the  ends  to  an  anchor.  When 
power  is  {(pplied  to  the  wheel^,  the  rope  winds  up  between  the 
duals  tocxcTi  a  pull. 

466  -  9.  Use  rc/ads  where  your  vehicle  is  concealed  by  natural 
veget^on;  avoid  dusty  roads. 

466  -  10.  To  prevent  ^hanges  or  markings,  such  as  tire  tracks,  that  would 

be  readily  apparent  to  the  enemy. 

467  -  1 .    a.    Hammer  the  broken  line  flat  between  the  break  and  the  line 

to  the  other  wheel;  or  on  a  broken  hose  fold  the  end  over 
and  twist  a  wire  around  it  tightly. 

b.  Plug  the  puncture  with  soap  or  a  stick. 

c.  Loosen  the  generator  and  tie  a  small  rope  or  a  strand  from  a 
larger  rope  around  the  pulleys.  Sometimes  the  ends  of  the 
broken  belt  can  be  wired  together. 

d.  If  it  occurs  shortly  after  a  stop,  pour  cold  water  over  the 
fiiel  pump  and  fiiel  line;  if  water  is  not  available,  open  the 
hood  and  let  the  engine  cool.  If  it  occurs  while  the  vehicle 
is  in  operation,  use  a  wet  rag  and  wrap  it  around  the  fiiel 
pump  and  sediment  bowl. 

e.  Break  the  line  and  install  a  piece  of  hose,  from  the 
Windshield  wiper  or  air  horn  over  the  two  en  is;  an  alternate 
method  is  to  wrap  the  broken  line  tightly  with  plastic  tape 
or  other  nonporous  material,  secured  with  closely  wrapped 
wire  or  string. 

f.  Wipe  off  carefully  all  wiring  and  distributor,  including 
^         inside  cap  and  rotor. 

467  -  2.    It  may  cause  sparks  or  short  out  the  good  battery. 
467  -  3.    To  prevent  sparks  from  igniting  hydrogen  gas  from  the 
batteries. 


467 
468 

468 
468 


-  4.    In  the  reverse  order  from  the  way  originally  connected. 


-  1. 

'  2. 
'  3. 
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'4. 

•  5. 

-  1. 
'  2. 

•  3, 

•4. 

-  5. 


On  a  sloping  surface,  locate  the  work  to  avoid  extending  the 
booms  to  their  maximum  reach  on  the  downhill  side. 
The  lower  boom  will  rise. 

( 1)  Set  truck* s  parking  brake  before  operating  boom. 

(2)  Set  outriggers. 

(3)  Use  safety  belts. 

(4)  Close  outrigger  lock  valves  before  operating  tKX)m. 

(5)  Operate  controls  slowly  and  smoothly. 
Qualified  operators  only. 

At  the  main  hydraulic  control  valve  near  the  base  of  the  lower 
boom, 

A  boom,  a  winch,  and  a  capstan, 

A  power  takeoff  from  the  line  truck  engine  supplies  the  power. 
It  is  equipped  with  an  automatic  brake  to  prevent  turning  under 
loud  except  when  the  truck  engine  turns  it, 
30. 

It  is  used  for  raising  loads. 

470  —  1 .    a.    Close  column  march. 

Advantages:  Full  traffic  capacity  of  the  road  is  used;  better 
communication;  fewer  guides,  escorts,  and  markers 
needed.  Disadvantages:  No  protection  from  observation 
and  attack;  scheduling  problems;  greater  driver  fatigue; 
limits  use  of  highway  to  local  traffic. 

b.  Open  column  march. 

Advantages:  Offers  more  protection  from  attack  and 
observation;  allows  greater  speed;  reduces  driver  fatigue. 
Disadvantages:  Problems  in  communication;  maintaining 
space  between  elements  difficult  for  drivers;  smaller  traffic 
volume. 

c.  Infiltration. 

Advantages:  Best  defense  against  hostile  observation  and 
attack;  higher  speeds;  each  individual  vehicle  has  more 
freedom.  Disadvantages:  Longer  time  to  complete;  hard  to 
regulate;  more  detailed  briefing  required;  halts  more 
difficult  to  plan. 
.470  —  2.    Head,  main  body,  and  trail. 

470  -  3 .    The  pace  setter  (usually  the  same  as  the  slowest  vehicle) . 

470  -  4.    A  detached  party  operates  apart  from  the  march  and  performs 

special  duties  in  advance  of  or  following  the  convoy. 
470  -  5.    They  provide  for  periods  of  rest,  personal  comfort,  messing, 
refueling,  maintenance  and  inspection  of  equipment,  and  to 
allow  other  traffic  to  pass. 
470  -  6.    They  shouki  be  scheduled  to  allow  10  minutes  rest  after  each 

1 10  IT.  .. Mies  of  running  time. 
470  -  7.    (I)  The  comfort  of  personnel  and  (2)  servicing  facilities  for 
vehicles. 
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The  amount  and  type  of  cargo  that  is  to  be  moved. 

It  is  used  to  gather  information  concerning  the  route  and  the 

adjacent  areas  for  planning  the  move. 

Number  and  type  vehicles  needed. 

Maps;  forecasters.  Fuel  (or  repairs,  rations,  water);  points  (or 
bottlenecks). 

60  miles. 
1 100  hours. 
1 130  hours. 
7  miles. 

Jackson  Heights. 

Communications  within  a  convoy  can  be  handled  with  sign 
messages,  written  messages,  two  way  radios,  sounds,  and 
signals  (such  as  hand  and  arm  signals). 
Messenger  or  pick-up  from  guide  along  route. 
Signs  posted  on  roadway. 

The  American  Trucking  Association,  Inc. 

State,   local,  and  military  officials,   and  the  Director  of 

Transportation,  Headquarters  USAF. 

The  base  transportation  officer. 

The  security  officer. 

DD  Foms  1265  and  1266. 


1 985-631 -028/20701  AUGAFS , AL (86091 6 ) 1 300 

174 


o  628 

ERIC 


S  T  0  P  - 


!•  MATCH  ANSWER  SHEET  TO  THIS  EXERCISE  NUMBER, 
2.  USE  NUMBER  2  PENCIL  ONLY, 


EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 

54250  03  21 
INSTALLATION  AND  MAINTENANCE  OF 
MOTORS,  CONTROLS,  AND  SPECIAL  EQUIPMENT 

Carefully  read  the  following: 
DO^s; 

!•  Check  the  "course,"  "volume,"  and  "form"  numbers  from  the  answer 
sheet  address  tab  against  the  "VRE  answer  sheet  identification 
number"  in  the  righthand  column  of  the  shipping  list.  If  numbers  do 
not  match,  return  the  answer  sheet  and  the  shipping  list  to  ECI 
immediately  with  a  note  of  explanation, 

2.  Note  that  item  numbers  on  answer  sheet  are  sequential  in  each 
column, 

3.  Use  a  medium  sharp  #2  black  lead  pencil  for  marking  answer  sheet  • 

4.  Write  the  correct  answer  in  the  margin  at  the  left  of  the  item, 
(When  you  review  for  the  course  examination,  you  can  cover  your 
answers  with  a  strip  of  paper  and  then  check  your  review  answers 
against  your  original  choices,)  After  you  are  sure  of  your  answers, 
transfer  them  to  the  answer  sheet.  If  you  have  to  change  an  answer 
on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a 
clean  eraser.  But  try  to  avoid  any  erasure  on  the  answer  sh^et  if 
at  all  possible, 

5.  Take  action  to  return  entire  answer  sheet  to  ECI, 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference, 

7»  If  mandatorily  enrolled  student,  process  questions  or  comments 
through  your  unit  trainer  or  OJT  supervisor.  If  voluntarily 
enrolled  student,  send  questions  or  comments  to  ECI  on  ECI  Form  17  • 

DOlTTs: 

1,  Don't  use  answer  sheets  other  than  one  furnished  specifically  for 
each  review  exercise, 

2,  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks. 
Double  marks  or  excessive  markings  which  overflow  marking  blocks 
will  register  as  errors, 

3.  Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet, 

4.  Don't  use  ink  or  any  marking  other  than  a  #2  black  lead  pencil, 
NOTE:     NUMBERED  LEARNING    OBJECTIVE  REFERENCES    ARE  USED    ON  THE  VOLUME 

REVIEW  EXERCISE*  In  parenthesis  after  each  item  number  on  the 
VRE  is  the  Learning  Objective  Number  where  the  answer  to  that 
item  can  be  located.  When  answering  the  items  on  the  VRE,  refer 
to  the  Learning  Objectives  indicated  by  these  Numbers,  The  VRE 
results  will  be  sent  to  you  on  a  postcard  which  will  list  the 
actual  VRE  items  you  missed.  Go  to  the  VRE  booklet  and  locate 
the  Learning  Objective  Numbers  for  the  items  missed.  Go  to  the 
text  and  carefully  review  the  areas  covered  by  these  references. 
Review  the  entire  VRE  again  before  you  take  the  closed-book 
Course  Examination, 
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MULTIPLE  CHOICE 


Note  to  Student:     Consider  all  choices  carefully  and  select  the  best 

answer  to  each  question. 

1.  (400)     Which  of  the  following  is  not  a  part  of  a  DC  motor? 

a.    An  armature.  c.    A  brush  assembly, 

h-    A  stpAor^  df    End  bells. 

2.  (401)     The  device  that  reverses  the  current  flow  through  the 
armature  windings  is  the 

a.  end  bells.  c.     field  coils. 

b .  brush  assembly •  d .     commutator  • 

3.  (401)     Which  of  the  following  is  distinguished  by  the  speed  changes 
that  vary  rapidly  with  the  load? 

a.  The  series  motor.  c.     The  compound  motor. 

b.  The  shunt  motor.  d.    The  universal  motor. 

4.  (402)     What  component  of  a  three  phase  motor  is  connected  to 
the  load? 

a.     The  end  bells.  c.    The  stator. 

»b.    The  rotor.  d.    The  armature. 

5.  ^403)     The  magnetic  field  of  a  three  phase  motor  rotor  is  caused 
by  the 

a.  current  flow  in  the  rotor. 

b.  resistance  in  the  squirrel  cage. 

c.  impedance  of  the  stator. 

d.  voltage  in  the  end  bells, 

6.  (403)     Which  of  the  following  would  have  the  highest  RPM  if  connected 
to  the  same  power  supply? 

a.  4  pole  motor.  c.  12  pole  motor. 

b.  6  pole  motor.  d.  24  pole  motor. 

?•     (404)     The  internal  connections  of  a  three  phase  motor  are 

a .  either  series  or  parallel . 

b.  always  in  series  with  the  supply. 

c.  either  wye  or  delta  connections. 

d.  always  in  parallel  with  the  load. 
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8. 


(405)    The  motor  that  requires  some  starting  means  is 


a.  the  single  phase  AC  motor. 

b.  the  three  phase  AC  motor. 

c.  the  DC  shunt  motor. 

d.  the  universal  motor. 

9.     (405)     A  centrifugal  switch  is  used  In  a  single  phase  motor 

a.  to  engage  the  power  leads. 

b.  to  disconnect  the  start  windings. 

c.  to  engage  the  run  windings. 

d.  to  disconnect  the  capacitor. 

10.  (406)     A  simple  repulsion  motor  will  have  the  operating  characteristics 
of  a  high  starting  torque  and 

a.  low  current  draw. 

b.  a  steady  speed  control. 

c.  higher  RPM  with  heavy  loads. 

d.  all  of  the  above  characteristics. 

11.  (407)     A  single  phase  motor  with  the  external  leads  numbered 
T1  ,  T2,  T3,  and  T4  would  be 

a.  a  single-voltage,  nonreversible  type. 

b.  a  single-voltage,  reversible  type. 

c.  a  dual-voltage,  nonreversible  type. 

d.  a  dual-voltage,  reversible  type. 

12.  (408)     There  are  how  many  basic  types  of  across-the-llne  motor 
controls? 

a.  5.  c.  3- 

b.  4.  d.  2. 

13.  (409)     In  most  magnetic  across-the-llne  motor  controllers,  contact 
chatter  is  reduced  by  using 

a.  an  arc  chute.  c.     shading  rings. 

b.  plastic  bumpers.  d.    mechanical  latches. 

14.  (409)     The  basic  types  cf  overload  relays  are 

a.  mechanical  and  magnetic. 

b.  under  voltage  and  over  current. 

c.  single  and  three  phase. 

d.  thermal  and  magnetic. 
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15. 


(410)     When  a  switch  in  the  circuit  that  supplies  power  for  the 
electromagnetic  coil  is  opened,  what  kind  of  force  causes  the 
contacts  to  be  pulled  apart? 


a.  Magnetic.  c.  Hj'draulic. 

b.  Spring  tension.  d*  Thermal. 

16.  (410)    Which  of  the  following  devices  is  temperature  sensitive 
and  is  widely  used  in  heating  and  cooling  systems  to  control  the 
system? 

a.  A  float  switch.  c.    A  thermostat. 

b.  A  pressure  switch.  d.    A  photoelectric  cell. 

17.  (411)     What  type  of  bearing  should  be  used  in  a  motor  that  will 
be  mounted  vertically? 

a.  Oillite  sleeve.  c.    Ball  or  roller. 

b.  Bronze  sleeve.  d.    Phenolic  and  brass  sleeve. 

18.  (412)     When  cleaning  a  motor  with  compressed  air,  what  is  the 
maximum  air  pressure  that  should  be  used? 

a.  15  psi.  c.     35  psi. 

b.  25  psi.  d.     50  psi. 

19.  (4l3)     If  a  motor  that  has  been  operating  normally  suddenly  stops, 
you  should  suspect 

a.     improper  connections.  c.    an  electrical  overload, 

t.    an  overvoltage.  d.    worn  brushes 

20.  (41 4)     In  a  three  phase  motor  if  a  squirrel-cage  rotor  is  open, 
the  motor  will 

a.  slow  down  under  load.  c.    have  a  high  starting  torque. 

b.  accelerate  under  load.  d.  stop. 

21.  (415)     Each  of  the  following  are  common  malfunctions  in  electrical 
motors  except 

a.  over speeding.  c.    running  hot. 

b.  stopping.  d.     failing  to  start. 

22.  (4l6)     There  are  how  many  types  of  hazardous  locations? 

a.  5.  c.3» 

b.  4.  d.  2. 

23 •     (4l7)    Electrical  equipment  used  in  Class  I  locations  must  be 

a .  spark-proof.  c .  water-proof. 

b.  dust-proof.  d.  explosion-proof. 
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24,     (418)     Which  of  the  following  wiring  is  required  in  a  Class  I 
hazardous  location? 


a.  A  knob-and-tube .  c.    A  non-metallic  sheathed  cable. 

b,  A  mineral-insulated  cable,     d,    EMT  conduit  protected  circuits. 

25.  (418)     To  prevent  explosive  materials  from  passing  from  one  part 
of  an  explosion-proof  conduit  system  to  another,  you  should  use 

a*     an  epoxy.  c.     cork  seals. 

b.     rubber  seals.  d.    a  sealing  compound. 

26.  (419)    Before  servicing  or  disassembling  electrical  equipment, 
you  should  always 

a.  deenergize  the  circuits. 

b.  check  the  manufacturer's  manual. 

c.  put  on  rubber  protective  equipment. 

d.  disassemble  the  enclosures. 

27.  (420)    Vfhen  working  in  a  class  I  hazardous  location  all  the  equipment 
listed  below  must  be  used  except  for 

a.  class  I  flashlights. 

b.  SO  flexible  hand  service  cord. 

c.  battery  powered  test  equipment. 

d.  non-sparking  hand  tools. 

28.  (421)     A  transformer  will  pass  electrical  energy  from  one  circuit 
to  another  with  almost  no  change  of 

a.  voltage.  c.  resistance. 

b.  current.  d.  frequency. 

29.  (422)     The  coil  Insulation  and  bushing  of  a  transformer  will 
determine 

a.  the  current.  c.     the  wattage. 

b.  the  voltage.  d.     the  power  output. 

30.  (423)     What  percentage  of  a  current  rating  must  the  over-current 
device  of  a  600  volt  transformer  have? 

a.  80%.  c.  125%. 

b.  95%.  d.  150%. 

31.  (423)    A  three  phase  transformer  that  supplies  power  only  should 
be  connected 

a .  delta -wye .  c .    wye-wye . 

b .  wye-delta .  d .     delta-delta  . 
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Z2.     (424)     If  a  voltmeter  is  connected  across  the  terminal  transformer 
output  and  the  resulting  reading  is  zero,  this  reading  would 
indicate 

a.  an  open  secondary  coil, 

b,  an  open  primary  coil. 

c.  an  open  in  the  transformer  >^ut  not  which  coil, 

d,  an  open  power  supply. 

33 •     (424)     A  partial  short  across  a  transformer  winding  would  be 
indicated  by 

a.  a  loss  of  voltage.  c.    an  increase  in  current. 

b.  a  drop  in  voltage.  d.     an  increase  in  power. 

34.  (425)     Two  basic  types  of  voltage  regulators  are 

a.  series  and  parallel.  c.    wye  and  delta. 

b.  series  and  shunt.  d.     open  and  closed. 

35.  (425)     The  voltage  regulator  that  will  hkndle  very  large  amounts 
of  power  is  the 

a.  magnetic  amplifier.  c.     semi-connector  regulator. 

b.  vaccuum  tube  regulator  •  d.     delta  wound  regulator. 

36.  (426)     The  regulating  ability  of  a  regulated  power  supply  is 
generally  given  as 

a.  a  percent  of  change. 

b.  no  load  to  full  load. 

c.  a  current  flow, 

d.  a  percentage  of  voltage  change  from  no  load  to  full  load, 

37.  (427)     The  two  basic  types  of  batteries  are 

a.  AC  and  DC. 

b.  primary  and  secondary  cells. 

c.  wye  and  delta. 

d.  single  phase  and  three  phase. 

38.  (428)    Batteries  connected  in  series 

a.  will  provide  a  higher  voltage. 

b.  will  provide  more  current. 

c,  cannot  be  recharged, 

d,  will  provide  more  power  than  batteries  connected  in  parallel, 

39.  (429)     A  device  most  often  used  to  change  AC  to  DC  is 

a,  a  generator,  c,    a  transformer, 

b.  an  alternator,  d,     a  rectifier, 
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40.  (429)    A  single  phase,   full  wave  dry  disc  r^ectifier  will  have 
how  many  connection  terminals? 

a •    3  •  c.    5 . 

b,     4,  d.  6. 

41.  (430)    An  excessive  current  flow  through  a  dry  disc  rectifier 
would  be  indicated  by 

a.     a  low  voltage.  c.  heat, 

br     distorted  wave  forms,  d.    magnetic  fields. 

42.  (431)     If  a  battery  is  suspected  of  causing  trouble,  your  first 
check  should  be  with  a 

a.  a  voltmeter.  c.     a  multimeter. 

b .  an  ammeter .  d •    a  hydrometer . 

43.  (432)     The  normal  lighting  device  used  with  emergency  lights 
is 

a.  a  220  watt  flourescent  tube. 

b.  a  40  watt,  120  volt  incondescent  bulb. 

c.  a  25  watt,  6  volt  sealed-beam  lamp. 

d.  a  250  watt,   120  volt  HID  bulb. 

44.  (433)    How  long  must  the  power  supply  to  an  emergency  light  be 
able  to  supply  voltage  in  an  emergency? 

a.  Indefinitely.  c.     12  hours. 

b.  24  hours.  d.     1  1/2  hours. 

45.  (434)     A  total  discharge  of  emergency  light  batteries  and  recharge 
should  be  performed 

a .  yearly .  c .     monthly . 

b.  every  six  months.  d.  weekly. 

46.  (435)     The  most  common  automatic  temperature  control  for  cooking 
appliances  is  the 

a.  bimetallic  strip.  c.  hydraulic. 

b.  helix.  d.  diaphragm. 

47.  (436)     The  two  basic  types  of  heating  elements  used  by  the  Air 
Force  for  appliances  are 

a.  the  rod  coil  and  ribbon.        c.     the  suspended  and  spiral. 

b.  the  open  and  enclosed.  d.     the  surface  and  immersed. 
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48.     (i»36)    A  type  of  heating  element  that  cannot  be  economically 
repaired  is  the 

a.  open  coil.  c.  ribbon. 

b .  suspended  coil .  d .     enclosed . 

(437)     There. are  how  many  basic  types  of  space  heaters? 

a.  2.  c.  M. 

b.  3.  d.  5. 

50.  (438)     In  how  many  ways  may  kitchen  equipment  be  connected  to 
a  power  source? 

a.  2.  c.  4. 

b.  3.  d.  5. 

51.  (439)     The  first  step  in  troubleshooting  an  appliance  should 
be 

a.  to  check  the  power. 

b.  to  perform  a  visual  inspection. 

c.  to  perform  an  operational  check. 

d.  to  disassemble  the  appliance. 

52.  (439)     When  electrical  power  is  not  getting  to  the  range  at  all, 
you  should  look  for 

a.  an  "open"  in  the  main  circuit. 

b.  a  blown  "K"  fuse. 

c.  frozen  contacts. 

d.  a  defective  blower. 

53-     (440)     If  you  are  checking  a  heating  element  with  an  ohmmeter 

and  the  ohmmeter  reads  "0",  this  would  indicate  that  the  element 
is 

a.  good.  c.  shorted. 

b .  open .  d .     grounded . 

54.  (441)     Corrosi  on  is  what  type  of  a  process? 

a.  A  chemical  or  electrochemical  reaction. 

b.  An  electro-acid  reaction. 

c.  An  electromagnetic  reaction. 

d.  An  acid  reaction. 

55.  (442)     There  are  how  many  basic  forms  of  normal  corrosion? 

a.  2.  c.  4. 

b.  3.  d.  5. 
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56.  (442)     Where  would  stray  current  corrosion  cause  the  greatest 
damage? 

a.  Where  it  enters  the  pipe, 

b.  At  a  midpoint  between  entry  and  exit, 
c •    At  the  bottom  side  of  the  pipe • 

d.    Where  currents  leave  the  pipeline. 

57.  (443)    When  the  anodic  current  flow  is  zero,  corrosion  will 

a.  be  at  its  greatest.  c.     continue  at  a  steady  rate. 

b.  cease.  d.  increase. 

58.  (444)    The  cathodic  protection  system  that  requires  the  most 
maintenance  is  the 

a.  magnesium  to  iron  galvanic  system. 

b.  aluminum  to  steel  galvianic  system, 

c.  impressed  current  system. 

d.  graphite  to  iron  galvanic  system. 

59.  (445)    The  basic  guidance  for  completing  maintenance  action  sheets 
will  be  found  in 

a.  AFP  66-1.  c.    TO  35Y-19. 

b.  AFR  85-1.  d.     the  national  electric  code. 

60.  (445)    A  good  source  of  information  for  monthly  readings  on  water 
storage  tanks  is 

a.  AFP  661.  c.    TO  35Y-19. 

b.  AFM  85-5.  d.     AFM  127-101 . 

61.  (446)  To  protect  a  steel  or  cast  iron  structure,  what  should 
the  voltage  reading  be  between  the  structure  and  a  staturated 
copper-copper  sulphate  half-cell  contacting  the  electrolyte? 

a.  +85  volts.  c.    -0.85  volts. 

b.  +8.5  volts.  d.    -8.C  volts. 

62.  (447)    What  meter  should  you  use  when  making  structure-to-electrolyte 
measurement? 

a.  A  megohmmeter.  c.    A  high-resistance  voltmeter. 

b.  An  ammeter.  d.    A  potentionmeter . 

63.  (448)    The  ability  of  a  material  to  stop  the  flow  of  electricity 
is  known  as 

a.  ohms.  c.  impedance. 

b .  resistance .  d .    resistivity . 
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(449)  After  the  initial  level  of  cathodic  protection  of  a  galvanic 
anode  system  is  established,  how  often  should  the  system  be  checked 
during  the  first  year? 

a.  Weekly •  c.  Quarterly, 

b,  Monthl"  .  d.  Semiannually. 

(450)  A  reading  of  -0,50  volts  on  a  galvanic  anode  would  indicate 

a.  over  protection.  no  protection. 

b.  a  good  reading.  d.    under  protection. 

(451)  Which  fire  alarm  system  provides  an  audible,  visual  or 

a  combination  of  signals,  but  does  not  make  a  permanent  record? 

a .  Coded .  c •    Supervised . 

b.  Uncoded.  d.  Unsupervised. 

(452)  What  basic  device  governs  all  automatic  fire  alarm  detectors? 

a.  A  switch.  c.    A  relay. 

b.  A  resistor.  d.    An  electromagnet. 

(452)    On  what  principle  does  the  closed  type  fire  alarm  detector 
operate? 


a.  Trouble.  c.  Supervision. 

b.  Test.  d.  Manual. 

'(454)     What  is  the  primary  notification  equipment  of  the  JSIIDS? 

a.  A  monitor  cabinet.  c.    Sensor  components. 

b.  A  control  cabinet.  d.    Operating  modes. 

(455)  What  is  the  basic  operating  voltage  and  resistance  of 
a  JSIIDS  under  a  no  alarm  condition? 

a.  A  20  volt  AC  circuit  and  less  than  2  thousand  ohms  resistance. 

b.  A  20  volt  DC  circuit  and  less  than  2  thousand  ohms  resistance. 

c.  A  10  volt  DC  circuit  and  more  than  100  thousand  ohms  resistance. 
d»    A  10  volt  AC  cii  cuit  and  more  than  100  thousand  ohms  resistance. 

(456)  What  component  inside  the  JSIIDS  control  unit  is  designed 
for  fast  and  easy  troubleshooting? 

a.  A  status  processor.  c.    An  alarm  module. 

b.  A  monitor  module.  d.    A  display  equipment. 
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72.     (457)     The  site  selection  for  latrines  will  be 

a.  made  prior  to  selecting  camp  sites, 

b.  the  responsibility  of*  the  medical  or  V6Lor*inary  section* 

c.  down  wind  from  the  tent  area. 

d.  located  at  the  highest  nearby  area. 

73  •     (458)     A  person •s  physical  capabilities  are  generally 

a.  far  greater  than  the  person  believes. 

b.  less  than  the  person  believes. 

c.  about  the  amount  the  person  believes. 

d.  variable  from  day  to  day. 

74.  (458)     "Trench  foot"  is  caused 

a.  .  by  hot  weather. 

b.  by  the  feet  being  wet  and  cold  for  extreme  periods. 

c.  by  hot,  dry  conditions  that  cause  feet  to  sweat. 

d.  by  cold,  dry  conditions. 

75.  (459)     What  type  of  problem  is  caused  by  desert  rain? 

a.  High  humidity.  c.     Flash  flooding. 

b.  Insects.  d.    Rapid  changes  in  temperature. 

76.  (4C0)     When  patrolling  in  hostile  areas,  you  should  avoid 

a.  ditches.  c.    brush  and  trees. 

b.  grass  areas.  d.     ridge  lines. 

77.  (461)     Whenever  possible  in  trr.  isporting  a  victim,  you  should 
use 

a.  the  fireman *s  carry.  c.    a  litter. 

b.  two  people.  d.     the  pistol  belt  carry. 

78.  (462)     What  is  used  to  seal  moisture  out  of  a  weather  head  made 
from  a  service  entrance  cable? 

a.  Plastic  electrician* s  tape. 

b.  Fiction  tape. 

c.  Varnish. 

d.  A  cap. 

79-     (463)     What  type  of  a  branch  circuit  can  be  installed  in  an  expedient 

method  by  placing  both  the  positive  and  negative  conductors  on 
porcelain  split  insulators? 

a.  A  double  wire.  c.  A  knob  and  tube. 

b.  A  ground  return.  d.  A  twisted  wire  and  cleats. 
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80.     (463)    What  wiring  component  used  in  contingency  operations  could, 
if  misused,  dangerously  overload  a  circuit? 

a.  Cleats.  c.     Duplex  outlets. 

b.  Split  insulators.  d.     Drop  sockets. 

8l  .     (464)    What  frequency  is  commonly  found  in  many  foreign  countries? 

a.  50  cycle.  c.    80  cycle. 

b.  60  cycle.  d.     100  cycle. 

82.  (464)    What  percent  lighting  efficiency  is  lost  for  a  11 5V  incandescent 
lamp  operating  on  95V? 

a.  10  percent.  c.    40  percent. 

b.  25  percent.  d.    50  percent. 

83.  (465)    A  tool  you  should  have  with  you  when  making  a  walk-around 
inspection  of  a  military  vehicle  is 

a.  a  screwdri^rer .  c.    a  hydrometer. 

b.  a  voltmeter.  d.     an  air  pressure  gauge. 

84.  (466)     If  a  wrecker  is  not  available,  the  preferred  method  of 
towing  a  vehicle  is  with  a 

a.  chain.  c.  cable. 

b.  rope.  d.  towbar. 

85.  (466)    What  is  incorporated  into  a  winch  to  prevent  overload 
damage? 

a.  A  shear  pin.  c.    A  disk  clutch. 

b.  A  safety  brake.  d.    A  load  link. 

86.  (467)     If  you  have  lost  hydraulic  fluid  in  a  brake  line  and  repaired 
the  break,  you  can  then  fill  the  master  cylinder  with 

a.  gasoline.  c.  water. 

b.  engine  oil.  d.  soap. 

87.  (467)    What  can  be  used  to  dry  a  wet  ignition  system? 

a .  Gasoline .  c .    Sand . 

b.  Engine  oil.  d.    A  clean  dry  cloth. 

88.  (468)    At  the  job  site,  the  bucket  truck  should  be  positioned 
so  that  the  working  area  is 

a.  directly  over  the  truck. 

b.  within  reach  of  the  boom. 

c.  always  in  front  of  the  truck. 

d.  always  to  the  right  side  of  the  operator. 
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89.  (469)    Power  is  supplied  to  the  line  truck  winch 

a.  from  the  truck  engine  through  the  power  take  off, 

b.  from  the  engine  through  the  back  transmission, 

c,  through  a  direct  drive  from  the  engine, 

d,  through  the  transfer  case, 

90.  (470)    There  are  how  many  basic  convoy  types? 

a,  2.  c,  4, 

b,  3*  d,  5. 

91.  (471)     Which  of  the  following  should  you  coordinate  with  before 
putting  a  convoy  on  the  road  in  the  US? 

a.  The  military  police,  c.    The  civil  traffic  authorities, 

b.  The  Railroad  Commission,        d.    The  United  States  Highway  Commission, 

92.  (472)    A  time-distanoe  diagram  used  for  planning  and  controlling 
a  convoy  over  a  given  route  is  called  a 

a,  planning  sheet,  c,     march  graph, 

b,  convoy  chart.  d.     staking  sheet. 

93.  (473)     Written  messages  should  be 

a,  posted  on  the  right  shoulder  of  the  road. 

b,  posted  on  the  left  shoulder  of  the  road, 

c,  passed  from  vehicle  to  vehicle. 

d,  delivered  by  messengers  only, 

94.  (474)    Vehicles  carrying  explosiTes  must  be  marked  with  placards 
on  which  the  letters  are 

a,  in  red, 

b,  at  least  6  inches  high, 

c,  reflectorized , 

d,  in  international  orange  and  2  inches  high. 


ATC/ECI  SURVEY 

The  remaining  questions  (125-135)  are  not  part  of  the  Volume  Review 
Exercise  (VRE) ,    These  questions  are  a  voluntary  ATC/ECI  survey.  Using 
a  number  2  pencil,  indicate  what  you  consider  to  be  the  appropriate 
response  to  each  survey  question  on  your  answer  sheet  (ECI  Form  35) , 
beginning  with  answer  number  125.    Do  not  respond  to  questions  that 


END  OF  EXfiRCISE 
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do  not  apply  to  you.     Your  cooperation  in  cor  dieting  this  survey 
is  greatly  appreciated  by  ATC  and  ECI,  (AUSCN  100) 

PRIVACY  ACT  STATEMENT 

A.  Authority:     5  U.S.C,  301,  Departmental  Regulations 

B.  Principal  Purpose:    To  gather  preliminary  lata  evaluating  the 
ATC/ECI  Career  Development  Course  (CDC)  Program. 

C.  Routine  Uses:     Determine  the  requirement  for  comprehensive 
evaluations  in  support  of  CDC  program  improvement. 

D.  Whether  Disclosure  is  Mandatory  or  Voluntary:  Participation 
in  this  survey  is  entirely  voluntary. 

E.  Effect  on  the  Individual  of  not  Providing  Information:  No 
adverse  action  will  be  taken  against  any  individual  who  elects 
not  to  participate  in  any  or  all  parts  of  this  survey - 

QUESTIONS; 

125.  If  you  have  contacted  ECI  for  any  reason  during  your  enrollment, 
how  would  you  describe  the  service  provided  to  you? 

a.  Excellent.  c.  Unsatisfactory. 

b.  Satisfactory.  d.    Did  not  contact  ECI. 

126.  My  ECI  course  materials  were  received  within  a  reasonable 
period  of  time. 

a.  Strongly  agree.  c.  Disagree. 

b.  Agree.  d.    Strongly  disagree. 

127.  The  condition  of  the  course  materials  I  received  from  ECI 
was: 

a.  A  complete  set  of  well-packaged  materials. 

b.  An  incomplete  set  of  well-packaged  materials. 

c.  A  complete  set  of  poorly  packaged  materials. 

d.  An  incomplete  set  of  poorly  packaged  materials. 

128.  The  reading  level  of  the  material  in  the  course  was  too  difficult 
for  me. 

a.  Strongly  agree.  c.  Disagree. 

b.  Agree.  d.    Strongly  disagree. 
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129.  The  technical  material  in  the  course  was  too  difficult  for 
me  at  my  present  level  of  training. 

a.  Strongly  agree.  c.  Disagree. 

b.  Agree.  d.    Strongly  disagree. 

130.  The  illustrations  in  the  course  helped  clarify  the  information 
for  me. 

a.  Strongly  agree.  c.  Disagree. 

b.  Agree.  d.    Strongly  disagree. 

131.  Approximately  how  much  information  in  the  course  provides 
general  information  about  your  AFSC? 

a.  Between  80  and  99$.  c.    Between  40  and  59%. 

b.  Between  60  and  79%.  d.    Between  20  and  39%. 

132.  Approximately  how  much  information  in  this  course  was  current? 

a.  Between  80  and  99%.  c.    Between  40  and  59$. 

b.  Between  60  and  79%.  d.    Between  20  and  39$. 

133.  The  format  of  the  text  (objective  followed  by  narrative  and 
exercises)  helped  me  study. 

a.  Strongly  agree.  c.  Disagree. 

b.  Agree.  d.    Strongly  disagree. 

134.  The  volume  review  exercise(s)  helped  me  review  information 
in  the  course. 

a.  Strongly  agree.  c.  Disagree. 

b.  Agree.  d.  Strongly  disagree. 

135.  Check  the  rating  which  most  nearly  describes  the  usefulness 
of  the  information  in  this  CDC  in  your  upgrade  training  program. 

a.  Excellent.  c.  Marginal. 

b.  Satisfactory.  d.  Unsatisfactory. 

NOTE:     If  you  know  this  CDC  contains  outdated  information  or 
does  not  provide  the  knowledge  that  the  current  specialty  training 
standard  requires  you  to  have  for  upgrade  training,  contact  your 
OJT  advisor  and  fill  out  an  AF  Form  1284,  Training  Quality  Report. 
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MAIL  TO    ECl,  GUNTER  AFS  AU  36118»5643 


STUDENT  REQUEST  FOR  ASSISTANCE 


PRIvA    V  ACT  STATEMENT 


AUTHORITY;  10  USC  8012,  PRINCIPAL  PURPOSE:  To  provide  student  assUtance  as  requested  by  individual  students.  ROUTINE  USES:  This  form  is 
shipped  with  ECl  course  package,  and  used  by  the  student,  as  needed,  to  place  ail  inquiry  with  ECl.  DISCLOSURE:  Voluntary.  The  information  requested  on 
this  form  is  needed  for  expeditious  handling  of  the  student's  inquiry.  Failure  to  provide  all  information  would  result  in  slower  action  or  inability  to  provide 
assistance  to  the  student.    


CORRECTED  OR  LATEST  ENROLLMENT  DATA 


1.  THIS  REQUEST  CONCERNS 
COURSE 

2.  TODAY  S  DATE 

3.  ENROLLMtNT  DATE 

4.  AUTOVON  NUMBER 

9.  SOCIAL.  SECURITY  NUMBtR  (7'I9) 

6.  GRADE/RANK 

7.   NAMt    (First  initial,  second  initial,  last  name) 

(17) 

(to) 

(19-32) 

8.    ^  J>ORESS 

O  T  EMROLLEKS-Addrcas  of  unit  training  office 
with  zip  code, 

ALL  OTHERS-Current  mailing  addrcst  with  zip  code. 

(33-53) 

(34-73) 

NAME  or  [lASE  OR  INSTALLATION  IF  NOT  SHOWN  ABOVE 


10.  TEST  (      NTROL  OFFICE  ZIP  CODE/SHRGD  (33-39) 


REQUEST  FOR  MATERIALS.  RECORDS,  OR  SERVICE 


Place  an  'X'  through  number  in  box  to  left  of  sen' ice  requested. 


Request  address  change  as  indicated  in  Section  I,  Block  8. 


Request  Test  Control  Office  change  as  indicated  in  Section  I,  Block  10. 


Request  name  change/correction. 
(Provide  Old  or  Incorrect  data  here) 


Request  Grade/Rank  change/correction. 


Correct  SSAN.  {List  incorrect  SSA/\/'  here.) 
(Correct  SSAN  should  be  shown  in  Section  I,) 


Extend  course  completion  date.  (Justify  in  "Remarks") 


FOR  EC;  USE  ONLY 


Request  enrollment  cancellation.  (Justify  in  "Remarks") 


Send  VRE  answer  sheets  for  Vol(s):  12  3 
Origii.als  were;    [    ]  Not  received  f    ]  Lost 


5  6  7 
i  Misused 


10 


VOL  33-33 


GR  36-38 


Send  course  mater»4ls.  (Specify  in  "Remarks") 
[    ]  Not  received  [    )  Lost        [    )  Damaged 


M 


10 


Course  exam  not  yet  received.  Final  VRE  submitted  for  grading  on  _ 


_(date). 


N 


n 


Results  for  VRE  Vol(s)  1  2  3  4  5  6  7  8  9  10  not  yet  received. 
Answer  sheet(s)  submitted  (date). 


VOL  33-33 


12 


Results  for  CE  not  yet  received.  Answer  sheet  submitted  to  ECl  on 


_(date). 


TC  36-37 


13 


Previous  inquiry  ([    )  ECl  Fm  17,  [    )  Itr,  [    )  msg)  sent  to  ECl  oii^ 


.(date). 


DOE  39-43 


14 


Give  instructional  assistance  as  requested  on  reverse. 


Q 


15    Other  (Explain  fully  in  "Remarks") 


REMARKS    (Continue  on  reverse) 


OJT  STUDENTS  must  have  their  OJT  Administrator  certify  this  record. 
ALL  OTHER  STUDENTS  may  certify  their  own  rcqueats. 


I  certify  that  the  information  on  this  form  is  accurate 
and  that  this  request  cannot  be  answered  at  this  station. 


SIGNATURE 


ECl  /.r."-  17 


PREVIOUS  EDITION  WILL  BE  USED. 


•1544 


ERIC 


REQUEST  FOR  INSTRUCTOR  ASSISTANCE 

NUil::    Questions  or  comments  relating  to  the  accuracy  or  currency  oi  subject  matter  should  he  furwarded  directTy  lo  pre|>a"rlt»g 
agency.    For  an  inunediatc  response  to  these  questions,  call  or  write  the  course  autlior  directly.  uj»iiig  the  AUIOVON  nunilier  or 
address  in  the  preface  of  each  volume.  All  other  inquiries  concerning  the  course  should  he  forwar  led  to  ECl, 

VRE  ITEM  QUESTIONED: 
COURSE  NO  .                .  . 
woi  1  IMP-  Kin 
VRF  trORK^  rsjr-» 
VRC  ITEM  NO 

ANSWER  YOU  CHOSE     -               ..  .  - 

MY  QUESTION  IS: 

(Lvttcr) 

HAS VRE  ANSWER  SHEET  BEEN 
SUBMJTTfD  FOR  GRADING? 

□    YES                    □  NO 
REFERENCE 

(Textual  reference  for  the  answer  I  chose 
Can  be  found  as  shown  below.} 

IN  VOLUME  NO 

ON  PAGE  NO 

IN     □  LEFT  OrIGHTCOLUMN 
l  INF??                  -     TWf»Ollf^l-l        ,      ,  . 

REMARKS 


ADOITIONAL  FORMS  17  available  I'roin  trainers,  OJT  and  Education 
Olfices,  and  ECl.  Course  workbooks  have  a  Form  17  printed  on  the  last  page. 

ECl  FORM  I  7.  OEC  a4  (Reicriel 


Air  GAFS.   AL   (860790  )  1000 


ERIC 


645 


54250  00  SOi  8406 


CHa  NGE  SUPPLEMENT 
CDC  54250 

Electrician 

(AFSC  54250) 


IMPORTANT:  Make  the  corrections  indicated  in  this  supplement  before  beginning  study 
of  this  course.  This  supplement  contains  both  **pen-and-ink"  changes  and  replacement 
pages.  It  is  perforated  and  three-hole-punched  so  that  you  can  tear  out  the  I'eplacement 
pages  and  insert  them  in  your  volumes.  You  are  not  required  to  post  any  changes  listed  in 
this  supplement  which  correct  typographical  errors,  unless  such  errors  change  or 
otherwise  affect  the  meaning  of  the  material. 


Extension  Course  Institute 
Air  Uriiversity 

646 


9.  What  is  each  CF-2  team  member  personally  issued  in 
the  way  of  equipment? 


10.  What  weapons  are  Prime  BEEF  teams  trained  on? 


005.  State  the  function  of  a  RED  HORSE  Squadron  and 
identify  the  echelon  of  deployment  from  a  list  of  tasks. 

Function  of  REDHORSE.  Air  Force  squadrons  with  the 
title  ''RED  HORSE"  have  the  ability  to  repair  major 
damage  that  is  inflicted  on  a  base.  RED  HORSE  means 
"Rapid  Engineer  Deployable  Heavy  Operations  Repair 
Squadrons  Engineer/'  '*RED  HORSE"  is  much  easier  for 
you  to  say.  The  title  explains,  to  a  large  extent,  the  function 
of  the  RED  HORSE  unit. 

RED  HORSE  squadrons  provide  heavy  equipment  repair 
and  construction  of  troop  facilities  when  and  where  the 
requirements  exceed  the  base  CE's  capabilities,  and  when 
Army  or  Navy  support  is  not  readily  available.  These 
squadrons  are  formed  with  trained  personnel  from  all  major 
commands  (MAJCOMS).  The  members  are  given  training 
to  make  them  proficient  in  all  areas  of  their  skills.  This 
training  is  necessary  to  meet  the  high  standards  required  of 
persons  in  RED  HORSE  squadrons.  RED  HORSE 
squadrons  are  capable  of  rapid  deployment  and  are 
responsive  to  the  following  situations: 

a.  Worldwide  requirements  as  directed  by  Headquarters 
USAF. 

b.  USAF  tactical  forces  deployed  in  conjunction  with 
war  or  the  likely  event  of  war. 

c.  Establishment  of  new  base  facilities  or  the  expansion 
and  upgrading  of  existing  base  facilities. 

d.  The  repair  or  replacement  of  damaged  or  destroyed 
facilities  in  combat  zones. 

e.  Meeting  recovery  requirements  for  Air  Force  facilities 
in  case  of  natural  disasters. 

/.  Training  exercises,  maneuvers,  and  special  projects. 

RED  HORSE  also  makes  m.ajor  construction  alterations 
and  additions  to  an  existing  base,  as  would  be  the  case  when 
a  runway  is  lengthened,  a  hangar  is  built,  or  aircraft  parking 
ramps  and  taxiways  are  constructed. 

Tlie  RED  HORSE  squadron  can  move  on  to  an 
abandoned  air  base  and  restore  it  to  the  extent  necessary  for 
flying  operations.  Also,  the  squadron  can  move  into  an  area 
where  there  has  never  been  a  base  and  build  one. 

Deployment.  RED  HORSE  Squadrons  are  organized 
into  three  deployment  echelons: 

CES-1,  an  air-transportable  squadron  made  up  of  14 
people  and  can  be  deployed  12  hours  after  notification.  This 
squadron  performs  advanced  airfield  surveys,  site  layout, 
and  prepares  for  future  development  of  a  base  of  operations 
during  contingencies. 

CES-2,  an  air-transportable  squadron  made  up  of  81 
people  and  ca  be  deployed  72  hours  after  notification.  It  can 
perform  heavy  bomb  damage  repair,  build  shelters,  perform 


limited  earthwork  and  light  base  development  (such  as 
installing  aircraft  arresting  systems,  expedient  airfield 
matting,  and  essential  utility  systems)  during  the  initial 
phase  of  contingencies. 

CES-3,  a  surface  movement  squadron  which  can  deploy 
in  10  days  after  notification,  and  can  perform  heavy  repair, 
permanent  construction,  and  airfield  expansion. 

Each  echelon  ahs  its  own  separately  identified  personnel 
and  equipment.  Deployment  to  a  bare  base  is  done  by 
CES-1  and  CES-2,  and  is  augmented  by  firefighting  or 
crash  rescue  teams.  A  bare  base  is  a  base  which  has  as  a 
minimum,  a  runway,  taxiway(s),  and  parking  areas  that  are 
adequate  for  the  deployed  force,  and  which  has  a  source  of 
water  than  can  be  made  potable. 

Exercises  (005): 
1 .  How  are  RED  HORSE  Squadrons  formed? 


2.  What  services  do  RED  HORSE  Squadrons  perform? 


3.  From  the  list  of  tasks  below  performed  by  RED 
HORSE  Squadrons,  designate  which  echelon  performs 
the  task  by  placing  CES  1,  CES-2,  or  CES-3  in  the 
space  provided. 

a.   Field  surveys. 

b.   Rapid  runway  repair. 

c.   Install  high  intensity  discharge  lighting  in  a  new 

hangar. 

d.   Extend  an  existing  runway  by  1000  ft. 

e.   Install  an  aircraft  arresting  barrier. 

f.   Make  preparations  for  future  development. 


1-2.  Career  Progression 

The  military  services  long  have  recognized  that  people 
possess  different  aptitudes,  abilities,  and  interests.  The 
present  airman  classification  system  was  adopted  shortly 
after  the  Air  Force  became  a  separate  branch  of  service.  It 
has  remained  basically  unchanged  since.  The  system  uses  a 
testing  program  to  identify  each  airman's  aptitude  and 
abilities  so  that  he  or  she  can  be  assigned  to  a  suitable  career 
field.  This  system  provides  a  systematic  method  by  which 
the  Air  Force  insures  that  each  job  is  filled  by  well-qualified 
people.  It  also  affords  each  person  an  opportunity  to 
advance  within  their  chosen  field  according  to  their 
abilities.  The  purpose  of  the  classification  system  is  to 
identify  the  duties  and  tasks  to  be  done  in  each  job  and  to 
identify  the  individuals  who  have  or  can  develop  the 
abilities  to  perform  the  job. 

Jobs  in  the  Air  Force  are  classified  into  career  fields. 
All  similar  or  related  jobs  are  grouped  together  to  form  a 
career  field.  At  present,  there  are  47  career  fields  in  which 
airmen  can  be  assigned.  Furthermore,  each  career  field  is 
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subdivided  into  individual  jobs  or  specialties.  Each 
subdivision  of  a  career  field  is  called  a  career  field  ladder. 

To  become  better  acquainted  with  your  career  field,  you 
need  speciflc  information.  The  following  objectives 
provide  this  information. 


C06.  Identify  AFSC,  activities,  and  responsibilities 
associated  with  the  steps  in  an  airman 
mechanical/electrical  career  ladder. 


Airman  Mechanical/Electrical  Career  Field  Chart. 

The  chart  is  a  graphic  presentation  of  the  54  career  field  and 
is  shown  in  figure  1-2.  As  you  can  see,  the  54  career  field  is 
made  up  of  a  number  of  Air  Force  specialties.  Your 
specialty,  as  you  well  know,  is  electrician,  AFSC  542X0. 
By  observing  the  chart,  you  can  see  just  how  you  fit  into  the 
picture.  If  you  are  a  3-level  electrician,  notice  that  your 
present  position  is  Apprentice  Electrician,  AFSC  54230.  It 
is  shown  just  below  the  position  you  lu^  working,  AFSC 
54250.  There  are  pay  grades  for  each  skill  level.  For 
example,  the  pay  grade  for  an  electrician  is  E3,  E4,  or  E5. 
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Figure  1-2,  Mechanical/ electrical  career  field  chart. 
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The  electrical  superintendent,  AFSC  54299,  above  the 
three  electrical  specialties,  is  in  charge  of  the  three 
specialties.  The  three  electrical  specialties  are  electrician, 
power  lineman,  and  power  production.  The  three  electrical 
specialties  feed  into  the  superintendent  position.  The  54 
career  field  includes  other  specialties,  as  shown  in  the 
chart.  Often  you  will  work  closely  with  people  from  these 
shops.  A  cooperative  attitude  on  your  part,  as  well  as  the 
other  people,  will  help  to  get  CE  jobs  done  better  and  faster. 

The  electrical  manager,  AFSC  54200,  the  next  position 
above  the  electrical  superintendent,  is  an  E9,  Chief  Master 
Sergeant.  This  position  is  known  as  the  Chief  Enlisted 
Manager  (CEM).  Only  a  Chief  can  hold  this  position.  This 
person  has  had  extensive  experience  and  training,  a  high 
managerial  ability  to  plan,  direct,  coordinat  .  implement, 
and  control  a  wide  range  of  work  activities  in  the  electrical 
specialties. 

Exercises  (006): 

1.  What  is  the  AFSC  of  each  step  up  the  career  fx  Ad 
ladder  from  basic  airman  to  manager  in  your  cdreer 
field?  Use  figure  1-2. 

TITLE  AFSC 

a.  Basic  airman. 

b.  ElectricaJ  helper. 

c .  Apprentice  electric  ian . 

d.  Electrician. 

e.  Electrical  technician. 

f.  Electrical  superintendent. 

g.  Electric  manager. 


2.  If  you  were  a  5-level  electrician,  what  is  the  highest 
grade  you  can  hold? 


3.  Your  electrical  superintendent  is  from  one  of  what 
three  specialties? 


4.  What     are     the     electrical     manager's  main 
responsibilities? 


007.  Select  the  duties  and  responsibilities  that  belong  to 
the  specialist  level  electrician. 

Duties  and  Responsibilities  of  an  Electrician.  You 
must  know  what  your  duties  and  responsibilities  are  if  you 
are  to  do  your  job  well.  Ability  is  important  and  needed,  but 
if  you  do  not  know  what  the  job  requires,  you  have  trouble 
in  making  full  use  of  your  abilities.  Your  duties  and 
responsibilities  are  found  in  AFR  39-1,  Airman 
Classification  Regulation,  Your  specialty  description, 
AFSC  54250,  along  with  the  Electrical  Technician,  AFSC 
54270,  and  Electrical  Superintendent  AFSC  54299  has  been 
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reproduced  here  for  your  convenience  and  study.  Refer  to 
figure  1-3,  1-4,  and  1-5. 

In  figure  1-3,  you  can  see  the  specialty  description  you 
are  studying  and  working  toward.  Note  that  it  is  broken 
down  into  four  main  sections.  These  are  (1)  specialty 
summary,  (2)  duties  and  responsibilities,  (3)  specialty 
qualifications,  and  (4)  specialty  data.  Each  of  these  sections 
has  information  of  value  but  the  most  important  to  you  are 
the  "duties  and  responsibilities"  and  "specialty 
qualification."  You  can  sec  from  your  specialty  description 
that  you  do  quite  a  lot  of  nriintenance  and  repair  work  and  a 
little  supervision.  You  are  expected  to  perform  maintenance 
work  and  as  you  gain  in  experience  and  knowledge  you  will 
be  put  in  charge  of  work  crews.  As  you  progress  up  your 
ladder,  you  will  be  doing  more  supervisory  type  work.  The 
added  supervisory  requirements  separate  the  specialist  from 
the  apprentice  and  forms  the  basis  for  advancement  to  the 
technician  position.  Study  the  three  specialty  descriptions 
for  your  career  field  in  this  text  and  know  the  differences  in 
their  requirements.  Use  the  knowledge  you  have  gained 
here  to  help  you  progress  in  your  specialty. 

Exercises  (007): 

1.  Place  an  "X"  in  the  space  provided  beside  the  duties 
performed  by  a  specialist  level  electrician. 

 a.  Connects  and  utilizes  test  equipment  and  meters  for 

locating  malfunctions. 

 b.  Cuts,  threads,  and  bends  conduit. 

 c.  Solves  complex  installation  and  repair  problems  by 

studying  wiring  diagrams. 

 d.  Pulls  conductors  into  conduits  and  raceways. 

 e.  Directs  electrical  maintenance  activities. 

 f.  Determines    procedures    for    maintenance  and 

modifications  of  installed  equipment. 
 g.  Cleans,  repairs,  and  replaces  armature  and  field 

windings. 
 h.  Replaces  defective  ballasts. 

 i.  Reviews  repairs  to  insure  compliance  with  National 

Electric  Code. 

 j.  Develops  organizational  structure  to  define  lines  of 

authority. 


1-3.  Communications  Security  (COMSEC) 

Like  safety,  security  is  a  topic  that  applies  to  each  of  us 
all  the  time.  The  word  "security,"  of  course,  refers  to  the 
protection  of  Air  Force  information  and  materials.  This 
protection  is  designed  to  provide  for  the  Air  Force  the 
freedom  and  secrecy  of  actions  needed  to  do  our  part  in  the 
national  defense. 

The  fact  that  you  don't  handle  items  marked  "classified" 
doesn't  mean  you  are  exempt  from  taking  part  in  the 
security  program.  In  fact,  those  who  seldom  work  in,  or 
with,  a  security  atmosphere,  may  well  be  the  most 
vulnerable  to  another  nation*s  collection  of  facts  related  to 
Air  Force  operations. 

The  United  States  must  protect  against  hostile, 
destructive,  or  subversive  action.  To  do  this,  certain  official 
information   affecting   the   national    security   must  be 

9  5 

650 


3,  SPfClALTY  QUALIFICATIONS 


I.  Mh,  vmi  BodifKi,  and /r/vi/}  tknKol  t^uip- 
ml  oni  ^vtm.  Inspects,  iroubbhoois,  strvlcts«  is- 
lembits,  inslilli,  connects,  repiin,  adjusts,  ind  teiulow 
volliie  interior  etectncil  diiltibution,  conirol,  ind 
uiilititiOD  equiptneni  ind  sytietns,  Emmints  eleciricil 
equipment  ind  syiiemt  for  diimies,  coiiosion,  ind 
operiiion.  ConiK<is  ind  uiiliw  test  equipinei^t  ind 
meten,  such  u  volinieier),  immeten,  metohmnieten, 
iM  QxilloiripM  fof  lociiini  equipment,  ditliibulion, 
ind  motor  control  systems  milfunctions  ind  fiulti 
Cloini  tnd  i^usts  reliy  timini  mcchinitm  ind  coniicis, 
romini  mtchincry  brushes,  circuit  b^eiker  ind  discon- 
Met  coniKts,  ind  conito)  lensini  mechinitms,  Repiin 
ind  xrvices  isolited  de'eneriited  hi|h  volute  equip- 
ment (roiiiini  mKhinery,  circuit  Men,  ind  woci- 
ited  hith  voltiie  inierior  power  syslemsl  ihhcuth  600 
volti  is  normil  dividini  line  betwee  n  high  ind  lo«  voliiie 
lynemi,  under  direct  supervision  ind  guidinct.  Cuts, 
threidi,  ind  bends  conduit.  Assembles  ind  replace)  con- 
duit, conduit  ruling),  junction  boxes,  ind  luppcru.  Nil 
cofldbctofs  into  conduits  ind  ricewiys.  Sphcts  conduc* 
tors.  Instills  ind  connects  distribution,  leneriiion,  ind 
uiiliiiiiDn  equipment  components,  such  is  reliys, 
switches,  pinci  boirds,  tnnsfofmers,  voluie  refiititors, 
bittery  chirfers,  motor  speed  controllers,  motors,  recep* 
ticks,  liihtini  TiMures,  hutint  elements,  bittery  binks, 
pcntors,  circuit  breikers,  surge  protection,  iround 
sntems  ind  liihtnina  irrcstors^  Insults,  tests,  ind  main- 
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uins  powj  sources  for  cithodic  protection  systems,  Uses 
common  hind  tools,  tubinc  ind  cor  tuil  benden,  hind 
ind  motor  optrited  conduit  !hreidin$  mKhinei,  sokkr- 
ini  irons,  ind  hind  drills 

b.  JmhkiJm  aiii  r^pain  tk(tfki{  and  ifi^ml 
tkcmk  Mfi  Qtui  (^ipmi\i  Repiirs  ind  repltces 
defective  iniuliied  condocton  ind  iroundini  systems 
Cleins,  repiirs,  ind  reptices  irmiture  ind  field  wmdin^s 
HefKes  cominuUtors  ind  ^iip  rin|s.  Replues  defective 
limps,  li|htin|  fixfjres,  billists,  ind  surters  Instills, 
mtinuins,  troubleshoots,  ind  repiirs  exptoiion  proof 
li|htini  ind  virini  systems  Troubleshoots  complex 
moior  control  circuits  ind  replices  defective  components. 
Peiforms  testini,  iniultition,  ind  repiir  tisks  such  u 
tesiini  ind  cilibritjnt  electric  power  systems  retiys  ind 
melen,  ind  instills,  repur^,  ind  tdjusis  electncilly  oper- 
ited  circuit  breikers.  Rcplicvs  defective  components  in 
poiei  rectifien,  photoelectric  sensors,  ind  voluie  ind 
current  reiulitors. 

c.  Sj^viSN  tiKtrkm  ptmml  Assigns  work  ind 
reviews  compieied  rtpiin  to  insure  compliince  with 
Niiionil  Electrial  Code,  sifet/  codes  ind  instructions, 
ind  ippiicible  lechnial  publ'ations,  Instruct  subordi* 
nites  in  techniques  ind  procedures  of  insultiiion,  inspec- 
tion, nuintensnce,  ind  repiir  of  inierioi  distribution 
systems,  Eviluates  work  perifomxd  ind  keeps  immediiie 
supervisor  informed  on  job  stilus. 


i  Kmifii^t  Kni)*l(il«f  (il  principles  I'lMntiiy  m 
inJuile  L'ompuuiiofi  jnil  incjsuicmcfii "!  ^'unininn  put- 
pet'ie^  Ift'ViMdntc,  induUjncf,  ijpjiiunic,  clcci[ii 
ptiicntiil,  ^nil  iutieiii  lki*i.  (mniwiiMH,  ticuin  muii 
m\)s\i,  louiing  niai'hinch  "PC'"*'"^"  •'"J 
reiyii,  icrviuiiK,  jnJ  mMm  o(  hijh  snliasc  fquip- 
mtnt,  (nolQi  conirol,  unuitv  4nJ  pfwiciiisc  de\ites 
i^^nthronous  3fil  induction  moiof  conirollm.  ovcmii- 
rem  M  ovcrvollagc  pioieaionl.  Kinifofmcr  opcr^nons 
ind  conneciioni,  elecincJ  cqmpmcni  conKol  cir[uils 

and  fui^ciions  of  rcli)  si ,  lishinini  jnd  \)\m  jmHrn 
\)\[tm  and  fquipmtnl  Hishimng  mm,  \hicldins 
mcani,  power  jnJ  uiilirition  C\iuipmcni  gfOundiiiR 
schcmesl .  leading  and  micrprcijiion  ofclcciric  schcmjliv 
^nd  one-line  diagrams,  safeiy  rules  dnd  practices  rescue 
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jiiJ  re\u\iiiaiion  ('I  ciciirii  shuk  \iilmh,  n|>cution  of 
iCM  inMfumcnis,  and  w  of  h.inJ  |Hi«ei  iwl^  used  in  the 
iniiallaiuin  M  \m\  of  ekiitii  cnuipnieni  jnd  siWm 
isnunJji(i[\  l'iiww)nofnundjli't)  kno\^IJse*illbe 
deieinltned  jccoiding  Id  MK  J^-I 

b  Ltfiftmt  OualifiLdiion  i\  w  I  IfCUMJn  w  man- 
ddioi)  In iddilmn, e\p«iicnic in pcidiiminn i»f  supervis- 
ing funuiiins  such  js  Ihc  insMlldiion.  nidinlcn«nce. 
iiiiubttshouiins.  and  fcpair  iil  eleuful  Jisiribulion  and 
uliliialion  equipmeni  and  systems  isnund^iof) 

I  /'t/iiiii'V 

ill  CiimpleiKin  oi  prewilKd  '  lesfl  oiinagemenl 
[ourse  IS  mandiiKir) 

I?)  t  oinplriiiiri  nf  jri  ddsjriicd  cki'lnvun  course  is 
desirable 
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1,  inCIALniUMMAl^Y 

Instills,  miiniiini,  itoubhhoots,  repiirs  ind  modifies  low  voliige  electticil  devices  ind  systems  issociiled  with 
intenor  feeder  ind  bnnch  circuii;  md  iheir  overcuirent  proteclion  KMDQO  (kxHpoml  SitttniipM 

2.  DUDES  AND  mtfONDUllTIES 


1  t^ClAlTYQUAUnCATKMt 


I.  Kmkiit.  Knowledge  of  principles  of  clectricny  to 
include  compuiilions  ind  meisuremenl  of  common  pro- 
penies  (rcsisnnce,  inductance,  cipiciiince,  elecincil 
poientiil,  ind  current  Howl,  mignetism,  electric  circuit 
inilysis,  routing  machinery  operiiion  ind  control; 
industrial  electronics  (openiion  md  elemenis  of  rec* 
liriers,  voltige  reguliiors,  ind  photoelectric  circuits), 
tnnsformer  oxniions  ind  conneciions;  lightnini  ind 
system  grounding  systems  ind  equipment  (liDiinini 


irreston,  shielding  meins,  power  ind  utiliution  equips 
mem  grounding  xhemes);  ciihodtc  proiectioti;  reiding 
ind  inierpretiiion  of  electric  jchemilic  ind  one^line 
diigrimi;  sifety  rules  and  prKtices;  rescue  ind  resuKiii* 
(ion  of  electnc  shock  victims;  operiiion  of  lest  instru- 
ments; ind  use  of  hand  ind  power  tools  used  in  instilli< 
(ion  ind  repiir  of  electric  equipment  ind  systems  is  m 
ditory,  Pouesiion  of  mindiiory  knowledge  will  be  deier> 
minodiccordifl|toAFR35*). 


6^1 


Figure  1-3,  Electrician, 
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AlftMANAIRFOKESKCiAlTY 
ELECTKtCAL  TECHNICIAN 
1,  inCIAlTY  SUMMARY 

Inspecis.  iMiills.  KfvictJ,  Uoubleshoots,  repairs,  plins  ind  modiries  low  volrije  eltclricil  ind  elccironic  equipment 
ind  mtm  lisociiied  wiih  \mim,  di«ribiiiion,  uiiliuiion.  and  control  mm,  tnd  supctviies  eleciricil 

I  DUTKIAMDKIfONSietllTIES 


(fill,  tiiinpiir  oltMal  ml  pnptf^  InnaM  rgi/i/w^  ii 
lymi  Solvei  compkn  instilliiion,  conttol, 
modiricilion.  md  repiir  problemi  by  studyini  wirini  ind 
jchtnuik  diaiirr^s  ifid  icchnicil  pyblkiiions  tnd  deter' 
minlni  apobiliiif ,  cipiciiy,  ind  liiniiiiions  of  equipmeni, 
looli,  irxi  miieriili  Dtieitninet  ptoccdurts  for  nuinie- 
ninct,  initilliiion,  tnodificilion,  ind  repiir  of  eledricil 
itil  properly  intuikd  e(iuipmer.i  ind  sysiems,  Recom' 
metidi  rtviied  miinieninctt  repiir,  ind  insullilion  pro- 
ccduM  10  ficiliute  full  uliliulion  of  perMnrKi  ind 
equipmnl.  Diiinoiei  r€currir4  nulfurKtiofu  ind  rtco(n> 
mendi  coneciive  tciion,  propoMl  nHxlibiionj,  or 
0<hefippropriiie»lutiDn, 
b.  lunk  itma  miiiki  ani  itpoin  tk(\fkii  oni 
(kmk  mi^m  tfW  vm.  Perforins  dilTiculi  U))(s 
Involvini  inipectint,  troubleshooiint,  lervkini,  uiein* 
blini,  iiutillini,  conneciini,  Ktiuiiini,  ind  leiiini  ill 
electrical  diiiribuiion,  control  ind  uiiliiiiion  equipment 
ind  lyitems  rtied  ^  volts  or  iesi«  itKh  u  fire  ind  |u 
detection  ind  wirnini  lysimi,  iixludini  syiiem  proiec* 
live  devifls,  enploston^proof  lithiii\|  ind  wirint  sytiei^s» 
hi|h-biy  ind  indu»riil  ihopliihiini  syiiemt,  security 
ll|htiA|«  electric  heiiini  md  cookini  syiiemi,  eleciricil 
iraind  detection  lytiemi,  sution  biiteries  uid  c!irtin| 
lytteini,  leneniort  iitd  mm,  motors  md  surten, 
and  power  protective  reliyini  systems.  Performs  cotfiplei 
ieiii(4v  instilliiion,  and  repair  tasks,  such  u  tesiini  and 
calibniini  electric  power  systems  relays  end  meters, 
troublohooiini  equipment  control  circuiti,  liyini  out 
and  iiutallaiion  of  complei  conduit  tnd  wirini  systems, 
and  repiir  and  Kljustmeni  of  electrically  operated  circuit 
brtiken,  Insults,  repairs,  miinliins,  tioubleshoots,  and 
teiu  solid  iiite  elccironic  enuipmeni  such  u  motor  con> 
irollers,  switch  tears,  power  lupfliet,  liihiini  control 
lytiems,  and  electronic  alarm  system  compon<nu, 


Install!,  tests,  and  maintains  electric  power  sources  lot 
calhodic  protection  systems.  Installs,  services,  and 
repairs,  ilthouih  600  volts  is  normal  voltqe  limit,  \^ 
lated  dc^eneriizcd  hiih  voltaic  equipment  associated 
with  power  leneration  and  interior  distribution  systems. 

c,  l/ij/wii  flff/ricfll  imi  t^aptf^i  Inspects 
completed  or  in-pro^ress  vorli  to  eitstire  compliance  with 
stindini  operilini  procedures,  safety  sundards,  and 
technical  publications.  Performs  periodic  inspectioni  to 
determine  safety  and  operational  condition  of  eloctric 
power  and  control  syitemi  DciDcis  poteniial  malfuiK- 
tions  by  eiaminini  for  looie  connections;  improper 
insulation;  overheilii\|  of  electrial  systems  compoixnts; 
and  undesirable  collections  of  dirt,  (reasc,  moisture,  and 
corrosion  on  electrial  equipment  wirini  and  incloiurei, 
Interprets  inspection  rtndinis,  and  determines  adequacy 
of  corrective  action, 

d,  M/of/m  fkMl^  Miki  Prepares  facility  stjrvey 
schedules.  Performs  facility  surveys,  Makes  on*sile 
investiiaiions  of  propcied  work  to  determine  resource 
requirtmenti,  Prepares  cost  eiiimaies  for  in'Servicc  work 
requests.  Applies  Eniineered  Performance  Standards 
(EPS)  in  plannini  and  etlimatini  jobs.  Coordiniici  plans 
with  other  civil  en|ine«rin|  and  biK  activities. 

e,  Stiftnim  rMf  ftmitML  Plans  and  Kheduks 
work  aasiinmenu.  Establishes  work  methods,  prodtiction 
CMUois,  and  performance  sundards  for  stibordinates. 
Eniures  availability  of  required  mainteninct  equipment, 
tools,  lest  Instrumenu,  and  spire  parts.  Evaluates  perfor- 
mance of  subordinates  p{rforntini  inaullaiion,  itpiir, 
servkini,  and  test  functions  in  terms  of  compliance  with 
policies,  directives,  and  technical  manuals  and  orders. 
Conduct)  on«ihe']ob  trainini  of  electrial  personnel  in 
iniullatiofl,  scrvicini,  test,  and  repair  of  interior  electrical 
distribution  ind  tililizilion  equipment  and  control 
lystemi 


m 

b  ^Muim  ( nniplciinn  ol  tii^iti  mIiikiI  n\\  uiuisc^ 
m  physic's  ani]  niiiihemiilics  w  dcMrjblc 

t  bii'df^if  1  vKMi'fiu'  in  \m\ms  such  as  in^tjllj 

ifibyiKtn,  jnil  uitliijiian  cquipnicni  M  syvenis  w  nun- 
ilii('i) 
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Figure  M.  Electrical  technician. 
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1  SPECIALTY  QUALIFICATIONS 


AIRMAN  Am  fOfttfSnClALTY 
ILKCnnCALIUnnNTCNDCNT 
1.  WCIAITY  SUMMARY 

Stfpinwti«ljiciiviiic5Cnji|«l  mcoMiruciion,  m\iMm,  modifKilion,  opcuiioti.  numienKKc.  m^i  pl«nnin|, 
(ndovtfHiul  of  inierior  ind  tx\m\  elecificil  power  lenerilini  vnd  control \f\\m\  fire  i\m,  mmm^  mm\ 
lytMm;  ctihodic  protection  syiiemi:  roliiint  ind  suiic  uninierrupiible  power  systems  lUFSI.  iircrtfi  Kireiiii^ 
ffPm  ind  electricil  diiltibuiion  Muipmenl.      000  OKvpaimQi  ^b(mp-  72 1 

2.  DUDISANDREI^SIIItirttS 


1  fkm  orpmti  tk(\fki\  Q^tmlki  Supervises, 
piliM.  ind  Khedules  ^r)(  iDd  Iriinini  issiinmenis.  Es- 
liMliKi  perforniince  sundirdi  ind  work  procedures  to 
enurt elective  personnel  utiliution  and  lo  increise  eHi- 
cimcy  lAd  mm)  of  operition.  Provides  fot  ind  con* 
iroli  uie  of  equipment,  si^ct,  ind  supplies  Develops 
tiflMitttionil  siruciure  to  define  lioes  of  itithorily  ind 
iij|MN)ecilkreiponiibil'lies,Pro|riins  ind  coordinates 
cMal  diilribtition  inc  system  oulJtes,  rtuinieiuncc, 
nd  ttpilr  requitcRKnis  with  reined  aciiviiies  ind  users. 
Mmi  plinnini  activities,  Prepirts  fKiliiy  survey 
Khtdults,  Performs  fKiliiy  surveys,  Mikes  on>site 
iovntiiiiioni  of  propovd  work  to  determine  re»urtt 
nqwirctnenii  Prepires  cost  estimales  for  in'Servict  work 
rtsuttu.  Applies  Ei\|ineered  Performince  Sundirds 
(EPS)  irt  plinnint  ind  esiinuiint  jobs.  Coordiniies  plins 
vith  other  civil  eritinrerini  and  bise  activities, 

b.  OWffi  tlrmtji  aMiti  Supervises  work 
ictompliihmenl  in  electrical  power  production  ai  d 
iirm(\  irrest'tiirrier  activities  by  I5si(nin|  personnel  to 
apecific  functions  »ch  is  insulliiion,  modifKaiion, 
opfxiim,  maintenince,  repair  and  overhaul  of  equip- 
ml  liKluded  ire  tas  ind  diesel  etifines,  |is  turbines 
iietm  lenerilors,  and  roiiiini  ind  suiic  UPS;  and  usoci' 
il«l  ekttric  power  |enerit*n|  equipment  lo  include  con- 
trollint,  refulilint,  recorjng  and  monilonni  pfimiry 
pUnt  equipment  ind  iircftfi  arresiini  systems.  Directs 
utility  (leciricil  power  construction,  insiilliiion,  open- 
tioQ.  miintenincc  and  repiir  Kiivilies  to  include  hi|h 
voltait  work;  airfield  and  approved  li|htint  systems; 
omhcid  and  undenround  distribution  systems:  fire 
ilvn,  intrusion  and  control  systems;  cithodic  ptoteciion 
lyttems;  interior  electriul  »ork;  and  electrical  support  of 
minile  weapon  systems.  Establishes  teams  or  sliiOs.  Iden< 
lilies  arid  controls  requisitionini  parts,  systems,  fuelj, 
lubricants,  bench  stock  and  technical  publications. 
Ensurts  complunce  with  safety  prKtices  and  reiulations. 


Analyse)  productivity  and  york  quality.  Monitors  electri- 
cal leneriiini  unii  records  and  analyses  for  orianitition, 
intermediate  or  depot  level  maintenance,  and  prepariiion 
of  miintcr.snce  forms,  reports  ind  tecoids.  Issues  itkI 
lo|i  ufc  deariiKC  procedures  for  all  ciads  cn|i|ed  in 
maintenance  of  electrical  systems  and  equipment, 

c,  EHQbiiilm  and wmkrs  ofl-zA^'/oi  (ramntjot tkttti- 
cfl/  petioM  Directs  on-the-job  irainini  and  monitors 
profress  of  personnel.  Plans  and  conducts  conferences 
and  clisies  foi  instructint  personnel  on  new  projects, 
work  requirements,  ind  equipment  Arrantes  for  itien- 
din^  of  selected  individuals  it  formal  and  speciil  trainini 
courses. 

d,  iufKti  Qftd  f iM/iMffi  tktttkil  cMn  Mom 
periodic  and  special  inspections  of  electricil  activities  to 
ensure  compliince  with  policies,  retulalions,  and  techni< 
al  publicalions  and  to  provide  assistance  in  »lvint  miin- 
icnance,  supply,  ind  personnel  problems.  Interprets 
inspection  findinss  md  iniiiatescorrcclive  iciion.  Obtains 
certifKition  of  powtr  line  crew  for  performance  of  work 
on  eneriized  systems  and  :eriilicition  of  power  ptoduf 
lion  personnel  in  po^er  plant,  UPS  and  standby  leneraiot 
operation.  Ensures  adequacy  of  mainiennnce  performed 
on  powtr  systems.  Obtains  special  tools  end  equipment 
required  for  safe  performance  of  usks  assigned. 

e,  hrfmi  ittkniCQi tkamljmm.  Resolves  lech- 
nicil  problems  and  interprets  minuak  and  technical  pub- 
lications applicable  toconstruciion.  instillation,  modifica* 
lion,  operation,  mainienince,  repair,  ind  overhaul  of 
electricil  power  leneratini  systems  and  literal  arresiini 
systems  Isalates  unusual  malfunctions,  eaimines  faulty 
components  md  miieriil;  and  determines  need  for  repair 
or  replacement  and  need  for  subtmitii,*  material  defi* 
ciency  ind  unsitisfactory  reports  under  Air  Force  reiulu' 
\m.  Evuluiies  opcriitionJ  effectiveness  of  eleciricJ 
systems  md  recommends  en|ineerin|  studies  examinini 
modification  of  equipment  ind  materials, 


Ill  Knowledge  of  the  principles  nf  elcttriciiy, 
eleciriiJ  ciicuiiiy  ind  di^mbuiion  internal  combuMion 
cfigincs  and  other  prime  movers  k  clcciiici!  jenciiiinj 
systems  'tmis, ;  twuciefisiics.  I'ipjbiliiies,  »nd  applica- 
tiooi  of  clckincit  (cneiation  and  disKihuiion  equipment 
inJ  maiCfial  ^in'^i  itencMiniv  routtnn  md 

sliiiic  UPS,  solid  si«ie  components,  wire  conduit,  moiois, 
irmsfDrmers.  lejulaiori,  solenoids,  cucuii  breakers, 
swiichci,  control  sy^icniJ,  relays  and  fuses,  procedures 
foi  reran  of  high  voltage  circuiiiy  and  equipment,  bil- 
dncinfi  of  loads,  insullatmn.  opcution  jtid  maintenance 
uf  aircraft  i^^m  ^ISlcms.  fiic  alarm,  inifusion  ^nd 


control  systems.  caihwlK  pioieclion  systems,  and  sifcly 
rules  and  practices  is  mandatory 

{})  Knowledae  of  field  e^p:dieni  construction, 
maintenance,  and  operation,  includins  field  sanilalion, 
first  lid,  and  work  parties,  isdesiiable 
b.  ^ftnm  Qualifici lion  as  w  lilcctrical  Technician^ 
Rfciricil  Power  Line  Technician,  or  Electrical  Power 
Production  Techniciin  is  mandatory  In  addition, 
eipciientc  m  Jifectini  functions  .uch  as  inspection, 
operation,  maintenance,  md  repair  of  interior  and 
cuerioi  electrical  po^et  leneratms  equipment  ind 
systems,  rotitins  and  static  UP!!,  and  aircraft  arrestint 
systems  is  mandatory 


Figure  I -5.  Eleclrical  supcrinlcndent, 
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CHAPTER  2 


Resource  Management 


THE  MANAGEMENT  philosophy  of  the  Air  Force 
includes  getting  maximum  efficiency  for  each  dollar  spent 
while  attaining  planned  objectives.  This  means  that  human 
resources  must  be  consumed  in  the  most  effective  way  to 
meet  the  goals  of  the  organization.  As  you  supervise 
electrical  jobs  on  your  base,  you  should  ask  and  answer 
these  two  questions:  **Are  the  jobs  being  done  well?"  and 
*  *Is  there  a  way  to  do  them  better?' ' 

The  key  to  improving  jobs  is  not  necessarily  an  attempt  to 
speed  up  work  by  prodding  your  workers.  Substandard 
work  may  be  brought  up  to  standard  by  better  project 
planning,  improving  material  support,  and  eliminating 
delays.  Your  coordination  with  the  equipment  shop  might 
save  many  man-hours  of  standby  time.  Man-hours  that  are 
not  consumed  by  productive  work  are  a  waste  of  Air  Force 
dollars.  So  plan  your  projects  well — that  is,  with  resource 
management  in  mind. 

2-1  •  Work  Authorization  Documents 

To  be  an  effective  supervisor,  you  must  be  able  to  use 
manpower  effectively.  Before  any  work  can  be  done  by 
your  shop,  it  must  be  authorized  on  some  kind  of  "Work 
Authorization  Document.''  In  this  section  we  will  cover 
these  documents. 

026.  State  the  basic  concepts  of  the  civil  engineering 
management  system. 

CE  Management  System.  You  may  ask  the  question, 
**Who  originates  all  the  work  that  my  shop  has  to  do?"  The 
great  majority  of  the  work  in  civil  engineering  has  been 
identified  and  planned  ahead  of  time.  The  planning  and 
controlling  of  this  work  could  not  be  done  without  a  sound 
management  plan.  The  phn  we  are  talking  about  is  called 
the  Inservice  Work  Plan  ,fWP).  This  plan,  like  all  other 
plans,  is  only  as  goo^  us  ific:  information  that  is  used  for  its 
development  and  aie  effort  that  is  put  fcith  to  adhere  to  the 
principles  and  objectives  of  the 

Planning.  C'o  you  recall  earlier  an  office  called 
Resources  and  i^.equiremems?  Ur  -ier  this  office  is  a  unit 
known  as  "planning.*'  Each  ye:r  the  planners  visit  each 
facility  on  base  and  thoroughly  inspect  it  for  any  work  that 
needs  to  be  done.  Th.*.  inx^oe'ltc:"  is  called  a  facility  survey. 
This  survey  is  one  of  the  inputs  reouired  by  civil 
engineering  to  develop  its  work  plan. 

In  addition  to  the  facility  survey,  shop  supervisors  are 
responsible  for  two  inputs  to  tl  t  work  plan.  One  of  them  is 


for  "recurring"  labor  hours,  and  the  other  is  for 
''equipment  maintenance"  labor  hours  such  as  fire  alarms. 
The  recurring  labor  hours  are  for  work  done  on  a  periodic 
basis  within  a  particular  year.  An  example  of  this  work  is 
cathodic  protection  readings.  Another  example  would  be 
relamping  hangars. 

After  all  the  work  inputs  are  sent  to  Production  Control, 
the  IWP  programmer  gathers  them  together  and  places  the 
labor  hours  on  a  document  called  the  IWP./n  IWP.  Each 
month  work  items  from  this  plan  are  sent  to  the  work 
control  scheduling  section  for  assignment  to  CE  shops. 
These  work  items  come  on  forms  known  as  **work 
authorization  documents,"  As  the  words  indicate,  these 
documents  are  the  authority  from  civil  engineering  to 
perform  the  work  stated  on  the  forms. 

Performance  evaluation.  Civil  engineering  also  has  a 
management  plan.  In  this  plan  there  are  provisions  for 
evaluating  the  performance  of  CE  units.  Using  the 
"management  by  exception"  technique,  which  compares 
the  "estimated"  versus  the  "actual"  labor  hours,  industrial 
engineering  can  evaluate  the  performance  of  operations  cost 
centers.  Frequent  deviations  from  the  estimated  labor  hours 
will  signal  the  need  for  further  in-depth  evaluations. 

Base  engineer  automated  management  system  (BEAMS). 
In  civil  engineering  a  large  number  of  records  need  to  be 
kept.  These  records  include  the  amount  and  cost  of 
electricity  consumed  on  base;  amount  of  sewage  disposed; 
labor  hours  required  to  operate  power  plants;  size,  shape, 
condition,  and  cost  of  each  facility.  Many  other  records  are 
required  by  law  to  be  kept.  Even  your  name  and  employee 
number  are  part  of  the  records.  When  information  of  this 
sort  is  needed,  civil  engineering  merely  asks  the  computer 
in  symbols  and  it  will  furnish  this  information.  In  a  matter 
of  seconds  the  computer  replies  with  up-to-date  answers. 

The  name  used  to  identify  the  automated  data  processing 
system  is  BEAMS.  The  computer  used  is  the  Burroughs 
3500  (B3500).  BEAMS  provides  a  means  of  automating  a 
large  number  of  civil  engineering  records  and  files.  It  is  of 
great  significance  that  these  files  can  be  maintained  with 
efficiency  and  effectiveness  within  the  automated  system; 
however,  it  is  of  even  greater  significance  that  they  provide 
the  information  for  a  great  variety  of  computer  products  that 
are  available  to  managers  on  demand.  These  products  can 
be,  and  are,  used  by  managers  to  make  many  important 
decisions.  Actions  of  most  all  shop  workers  within  civil 
engineering  affect  the  information  within  the  computer  files 
and  records  and  ultimately  influence  the  content  of  the 
management  products.  These  influences  are  either  direct  as 
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are  the  actions  of  personnel  who  maintain  cost,  real 
property,  work  control,  and  programming  records  files,  or 
indirect  as  are  the  actions  of  shop  workers  who  report  the 
labor  hours  and  materials  used  to  accomplish  an  assigned 
job.  It  is  of  utmost  importance  that  all  civil  engineering 
personnel  know  that  their  actions  directly  or  indirectly 
influence  the  accuracy  of  the  information  contained  in  the 
automated  system  and  consequently  the  management 
products  that  the  system  produces.  The  reliability  of  their 
contribution  builds  their  own  faith  in  BEAMS  and  the 
decisions  of  those  who  use  it. 

Exercises  (026): 
1 .  What  is  the  Inservice  Work  Plan? 


2.  Who  performs  a  facilities  survey  and  what  is  it? 


3.  Name  two  inputs  you  as  a  shop  supervisor  of  the 
interior  electrical  shop,  would  make  to  the  work  plan 
and  give  an  example  of  each. 


4.  What  is  management  by  exception? 


5.  What  is  the  name  of  the  automated  computer  system 
used  to  process  civil  engineering  records? 


026a.  (098 — for  CE  feedback  reference  only).  Identify 
the  rationales  and  trace  the  procedures  used  in 
developing  Engineered  Performance  Standards. 

Engineered  Performance  Standards  (EPS).  The  estimate 
of  labor  hours  to  perform  maintenance  on  real  property  is  a 
major  feature  of  the  BEAMS  and  the  IWP.  Accurate 
estimates  are  essential  to  track  the  CE  organization  towards 
the  maximum  use  of  taxpayers  dollars  and  continuously 
improve  methods  of  utiliztng  resources. 

To  realize  the  fullest  anc^  most  efficient  use  of  available 
manpower  and  money  for  maintenance,  Industrial 
Engineering  procedures  and  techniques  were  applied  to  the 
idea  of  developing  standards  for  maintenance  work,  an  idea 
which  would  allow  uniform  and  accurate  estimates  for  labor 
hours.  These  labor  estimates  eventually  become  known  as 
Engin'»^red  Performance  Standards  (EPS).  These  estimates 
of  labor  hours  for  maintenance  are  used  in  the  BEAMS 
today. 

EPS  represents  the  average  time  necessary  for  a  qualified 
worker,  working  at  a  normal  pace  under  capable 
supervision  and  experiencing  normal  delays,  to  perform  a 
defmed  amount  of  work  of  a  specified  quality,  while 
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following  acceptable  trade  methx>ds.  In  other  words,  it  is  the 
amount  of  time  an  average  craftsperson  should  take  to 
perform  a  given  amount  of  work. 

EPS  is  a  tool  used  by  planners  to  obtain  consistent 
estimates  of  man-hours  for  maintenance  work.  When  this 
tool  is  used  properly,  any  planner  and  estimator  having  a 
working  knowledge  of  craftwork  can  develop  good  man- 
hour  estimates.  These  EPS  estimates  can  then  be  used  to 
provide  data  for  necessary  maintenance  management 
decisions.  Planning,  scheduling,  and  management  analysis 
of  performance  are  based  on  EPS . 

EPS  data  for  planners  and  estimators  is  found  in  Air 
Force  publications  (AFM  85-serics)  as  14  craft  handbooks. 
Each  hand^^ook  pertains  to  only  one  specific  craft,  such  as 
carpenter,  electrician,  or  mason.  Also  included  is  the 
Summary  of  General  Data  that  pertains  to  general  data 
common  to  all  crafts,  such  as  job  preparation  time,  craft 
delay  allowance,  travel  time,  and  material  handling. 

EPS  Development.  There  are  three  techniques  used  by 
Industrial  Engineers  and  Technicians  to  develop  EPS. 

a.  Methods  time  measurement,  MTM  is  a  system  of 
predetermined  time  standards  for  basic  motions  such  as 
reach,  grasp,  move,  etc.,  measured  in  Time  Measurement 
Units  (TMUs).  MTM  is  used  in  the  development  of  EPS 
formulas  because  the  method  of  work  accomplishment  is 
precisely  and  uniformly  described  by  the  list  of  basic 
motions  used  to  measure  the  elements. 

b.  Time  study.  Time  study  is  a  method  of  accurately 
measuring  work,  normally  with  the  use  of  a  stopwatch.  In 
EPS  development  it  is  used  to  determine  the  amount  of  time 
elements  not  fully  controlled  by  workers;  for  example, 
machine  time,  filling  a  tank,  or  driving  a  piling.  It  is  also 
used  to  verify  overall  times  developed  by  one  of  the  other 
techniques.  However,  the  most  frequent  use  of  time  study  is 
made  to  determine  travel  zones  at  each  activity. 

c.  Work  sampling.  Work  sampling  is  a  work 
measurement  technique  used  primarily  to  determine 
percentages  of  work  or  delays  as  a  part  of  the  total  time 
expended.  For  example,  by  observing  workers  on  the  job  at 
several  random  times  within  a  longer  period  of  time,  the 
portion  of  time  they  were  working  as  opposed  to  not 
working  can  be  determined.  If  they  were  found  to  be 
working  82  observations  out  of  a  total  of  100,  they  would  be 
working  82  percent  of  the  time.  Through  the  :ise  of  more 
detailed  work  sampling,  the  18  percent  of  nonwo.-king  time 
can  be  broken  down  into  personal  time,  unavoidable  delays, 
planning,  etc.  Work  sampling  is  the  technique  used  in  EPS 
to  determine  these  f)ercentages. 

Studies  of  maintenance  work  begin  with  a  visit  to  the 
maintenance  shops  to  examine  the  workload.  Work 
accounting  for  the  largest  portion  of  overall  shop  man-hours 
is  examined  first,  with  less  frequently  performed  work 
being  looked  at  later.  After  locating  field  work  where  a 
large  number  of  manhours  are  being  spent,  workers  are 
observed  and  actions  taken  to  accomplish  the  job  are  then 
noted.  No  stopwatch  or  wristwatch  is  necessary  here, 
although  some  random  times  are  taken  to  verify  the  overall 
time  spent  on  a  particular  task.  Back  in  the  office,  the 
engineer  or  technician  is  able  to  breakdown  the  recorded 
units  of  work  into  smaller  units  of  work  for  which 
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predetermined  times  have  already  been  established.  Then, 
knowing  the  amount  of  time  required  for  these  very  small 
portions  of  work  enables  reconstruction  of  the  larger  unit  of 
work  and  its  corresponding  time.  This  breakdown  of  work 
is  part  of  the  formula  development,  which  is  used  in  the 
EPS  handbooks. 

With  the  use  of  formulas,  work  of  a  specific  nature  can 
be  grouped  together.  Development  of  a  formula  begins  with 
the  element  which  may  be  defined  as  a  composition  of  basic 
motions  and/or  machine  or  process  activities  which  are 
distinct,  describable,  and  measurable. 

The  next  stop  in  the  EPS  development  procedure  is 
combining  a  series  of  elements  to  form  an  operation.  An 
operation  may  be  defined  as  a  series  of  actions  by  workers 
that  result  in  a  desirable  change  in  the  location  or  condition 
of  maintenance  material  or  parts. 

To  bring  formula-derived  information  to  readily  usable 
form  for  planning  and  estimating,  it  must  be  carried  one 
step  further  to  the  task-time  standard  level.  A  task  is  defined 
as  the  specific  amount  of  work  that  can  be  performed  by  a 
single  craft  and  specifies  the  time  required  to  accomplish 
that  work.  The  task  is  a  combination  of  the  operations 
required  to  complete  work  defined  in  the  task  description. 
Each  task-time  standard  shows  man-hours  required  to 
perform  the  work  described  and  is  used  as  a  basis  for 
information  presented  in  the  craft  handbooks. 

Once  the  planning  and  estimating  function  has  completed 
a  work-plan  sequence,  finalized  a  material  requirements  list 
and  man-hour  estimates  for  a  given  job,  a  preliminary 
schedule  is  made  to  determine;  the  time  frame  required  for 
receipt  of  all  materials.  Once  all  material  is  on  hand  and 
necessary  equipment  is  available,  the  work  is  scheduled  for 
a  definite  starting  date.  In  most  cases  maintenance  shop 
supervisors  are  consulted  prior  to  final  scheduling.  It  is 
then  the  supervisor's  job  to  see  that  the  work  is 
accomplished  in  the  most  efficient  manner. 

Maintenance  management  is  not  complete  without  an 
examination  of  the  efficiency  and  effectiveness  of  the  work 
being  accomplished.  During  job  performance,  continuous 
monitoring  of  the  man-hours  takes  place  through  labor 
reporting.  Upon  completion  of  the  work,  data  is  compiled 
showing  estimated  versus  actual  manhours,  labor  costs,  and 
material  costs.  Corrective  action  on  any  variances  is  then 
started  to  eliminate  the  recurrence  in  future  jobs.  It  gives 
management  the  information  necessary  to  bring  the 
efficiency  and  effectiveness  of  performing  maintenance  up 
to  peak  operating  levels. 


Exercises  (026a): 
1 .  What  is  the  primary  reason  EPS  were  develop>ed? 


2.  Who  developed  EPS? 


3.  EPS  were  designed  to  be  used  for  what  type  ot  work? 


4.  What  is  meant  by  Methods  Time  Measurement? 


5.  What  industrial  engineering  technique  measures  work 
output  with  a  stopwatch? 


6.  What  is  meant  by  the  work  sampling  technique? 


7.  What  is  the  task-time-standard  used  for? 


8.  What  series  of  AF  publications  contain  EPS  data  for 
planners  and  estimators? 


027.  Identify  forms,  rationales,  and  examples  of  work 
related  to  the  Recurring  Maintenance  Program. 

Recurring  Maintenance  Program  (RMP).  Recurring 
work  is  made  up  of  the  RMP,  the  operations  and  services 
work  program,  and  other  recurring  work  for  which  the 
scope  and  level  of  work  is  known  without  a  prior  visit  to  the 
job  site  each  time  the  work  is  scheduled.  The  BEAMS 
RMP  is  an  automated  schedule  for  work  to  be  done  The 
RMP  schedule  is  filled  out  by  the  shop  supervisor  an.  sent 
to  the  superintendent  for  approval.  Examples  and 
instructions  on  how  to  fill  it  out  are  found  in  Chapter  10  of 
AFR  85-1 ,  Resources  and  Work  Force  Management, 

Recurring  maintenance  applies  only  to  equipment  and 
real  property  maintained  by  BCE.  The  procedures  are  as 
follows; 

a.  Items  included  in  the  RMP  are  limited  to  items  whose 
scope  and  frequency  requirements  are  known  and  must  be 
done  at  least  once  a  year  but  not  daily. 

b.  Items  with  a  replacement  cost  of  less  than  $250  are 
not  included  unless  failure  seriously  impacts  the  mission  or 
results  in  damage  to  high  value  items. 

c.  Superintendents  must  approve  all  items  included  in 
the  RMP. 

d.  The  RMP  program  in  the  BEAMS  is  used  to  maintain 
an  inventory,  schedule  tasks,  and  report  completion  of  the 
RMP  work.  Production  control  loads  RMP  data  into  the 
BEAMS  files. 

e.  An  Air  Force  Form  1841 ,  Maintenance  Action  Sheet 
(MAS),  is  used  to  identify  maintenance  actions.  An 
example  of  a  MAS  is  shown  in  figure  2-1 .  A  master  copy  of 
your  shop  MAS  is  kept  in  production  control  for  audit 
purposes. 
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/.  The  superintendent  reviews  the  shop's  RMP  items  e.  Appliances, 

periodically  to  make  sure  only  essential  work  is  included.  /.  Operations  and  services  work  items. 


Some  of  the  work  in  the  electrical  career  field  could  fall 
under  the  RMP.  Some  examples  are  listed  below: 
a.  Calibrating  thermostats  on  deep-fat  fryers. 
h.  Maintaining  emergency  lights. 

c.  Reading  static  grounds. 

d.  Reading  lighting  protection. 

e.  Cathodic  protection  maintenance. 
/.  Fire  alarm  maintenance. 
^.  Intrusion  alarm  maintenance. 

Items  that  are  not  included  in  the  RMP  are: 

a.  Equipment  items  maintained  by  contract  services  and 
equipment  items  maintained  or  checked  daily. 

b.  Equipment  items  used  daily  by  operators.  Bases  can  3,  who  reviews  the  shop's  RMP  items  and  for  what 
include  equipment  items  that  have  manufacturer-suggested  reason? 

maintenance  tasks,  or  those  equipment  items  that  pose 
potential  fire  or  safety  hazards. 

c.  Items  of  equipment  that  are  more  economical  to 
maintain  and  repair  on  an  as-required  basis. 

d.  RPIE  (Real  Property  Installed  Equipment)  items  4.  List  three  examples  of  work  in  the  electrician  career 
related  to  missile  facilities  when  maintenance  procedures  field  that  falls  under  the  recurring  maintenance 
are  established  by  the  command.  program. 


Exercises  (027): 
1 .  What  is  the  Recurring  Maintenance  Program  (RMP)? 


2.  What  AF  form  is  used  to  identify  maintenance  actions 
and  who  fills  it  out? 
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Air  rurce  Form  561  is  released  to  workers  and  logged  by 
controllers.  Based  on  decisions  of  the  supervisors, 
controllers  sequence  follow-on  assignments  and  relay 
instructions  to  the  workers.  The  objective  is  to  know  the 
location  of  each  worker  and  the  status  of  all  work.  You 
may  be  called  on  to  work  willi  the  scheduler  in  filling  out  a 
561;  therefore,  you  should  be  familiar  with  this  form.  An 
example  of  this  form  is  shown  in  figure  2-6. 

Exercises  (031): 

1.  In  the  space  provided,  state  the  type  work  order 
required  for  each  of  the  following  job  situations. 

a.  No  power  to  compute  center. 


b.  Porch-light  inoperative  in  family  housing. 


c.  Install  indirect  lighting  in  the  commander's 
office. 


d.  Assist  a  SMART  team  by  replacing  a  broken 
receptacle  cover. 


2.  Who  manages  AF  Form  561,  BCE  Weekly  Work 
Schedule? 


3,  State  the  objective  of  AF  Form  561. 


2-2.  Property  Accountability  and  Responsibility 

It  is  important  that  you  understand  your  responsibility 
for  Government  property.  If  you  are  careless  when  placed 
in  charge  of  Air  Force  properly  you  may  pay  for  a  piece 
of  equipment  for  which  you  damaged  or  lost.  Your 
knowledge  of  the  rules  and  procedures  will  make  you 
conscious  of  your  responsibility  for  government 
property. 

032.  Associate  the  type  of  property  responsibiiity, 
liability,  or  form  with  the  appropriate  identifying 
statements. 

Property   Accountability   and  Responsibility.  The 

organizational  commander  is  responsible  and 
accountable  for  all  property  that  is  issued  to  his 
organization,  whether  he  signs  for  it  or  not.  But  because 
the  duties  of  the  commander  make  it  impracticable  for 
him  to  exercise  personal  supervision  of  the  supply 


functions,  a  commander  designates  an  officier  to  act  as 
his  supply  officer.  The  commander  or  his  supply  officer 
may  then  name  other  representatives  to  receive  and  sign 
for  property  in  his  name.  However,  delegation  of  duty 
does  not  make  the  commander  exempt  from  financia. 
liability  for  loss,  damage,  or  destruction  of  property. 

Property  responsibility  means  that  each  one  of  us  is 
obligated  to  take  care  of  Air  Force  property,  whether  it 
has  been  issued  to  us  or  to  our  unit.  This  will  include 
pecuniary  liability. 

When  you  buy  an  article  from  a  store,  the  moment  the 
sales  clerk  completes  the  sale,  the  store  drops  its 
accountability  and  responsibility  for  whatever  use  you 
make  of  it.  Timilarly,  when  a  stock  clerk  issues  an  AF 
item  to  you,  accountability  is  dropped  insofar  as  the 
issuing  authority  is  concerned.  However,  you  do  not 
become  the  owner  of  the  item;  instead,  the  Air  Force 
keeps  ownership,  and  you  assume  responsibility  for  the 
care  and  protection  of  the  item. 

Supervisory  responsihiliiy.  Supervisory  responsibility 
applies  to  any  person  who  exercises  supervision  over 
property  received,  in  use,  in  transit,  in  storage,  or 
undergoing  modification  or  repair.  Supervisors  are 
responsible  for  selecting  qualified  personnel  to  perform 
the  duties  under  their  control  and  for  properly  directing 
or  training  them.  They  instruct  their  people  in  supply 
procedures  in  order  to  make  sure  of  compliance  with  Air 
Force  regulations  governing  property.  Supervisors  are 
also  responsible  for  indoctrinating  their  personnel  in  the 
principles  of  supply  discipline. 

Custodial  responsibility.  Any  individual  who  has 
acquired  possession  of  Government  property  has 
custodial  responsibility  for  it.  Individuals  are  personally 
responsible  for  such  property  if  it  is  issued  for  their 
official  or  personal  use,  whether  or  not  they  have  signed  a 
receipt  for  it.  They  are  also  personally  responsible  for  any 
property  under  their  direct  control  for  storage,  use, 
custody,  or  safeguarding. 

"Finders,  keepers''  may  apply  in  some  circumstances 
but  not  to  Government  properly.  If  you  find  Government 
property  that  may  be  lost,  stolen,  or  abandoned  you  must 
assume  custodial  responsibility  for  it,  and  you  must 
protect  or  care  for  it  until  it  can  be  returned  to  the  proper 
authorities.  Personnel  may  be  relieved  of  responsibility 
for  a  particular  piece  of  property  in  a  number  of  ways, 
depending  upon  the  circumstances.  For  example, 
property  may  be  turned  back  to  base  supply  as  being 
excess  to  the  unit's  needs.  Other  items  may  be  transferred 
from  the  responsibility  of  oone  person  or  organizaiion  to 
that  of  another.  Still  other  items  may  be  damaged  or  lost 
through  carelessness  of  the  one  that  hascustody,  in  which 
casr  the  person  may  be  held  liable  and  may  have  to  pay 
for  them  by  deductions  from  their  pay. 

Pecuniary  Liability.  The  word  "pecuniary"  means 
money.  Personnel  having  property  responsibility  also 
have  pecuniary  liability  to  make  good  property  loss, 
destruction,  or  damage  due  to  their  maladministration  or 
negligence.  Pecuniary  liability  may  be  shared  by  persons 
having  command,  supervisory',  or  custodial  responsibility'.  If 
c  ,>erson  pays  for  an  item  of  Government  property,  the 
property  remains  the  possession  of  the  Government.  This 
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Exercises  (034): 

1.  Who  accounts  for  nonexpendi  )le  equipment  as 
recorded  in  base  supply? 

2.  Why  do  you  inventory  your  account  periodically? 


you  are  to  pick  up  is  the  same  as  the  one  d^^^-:  ribed  on  the 
form.  Also,  check  the  unit  of  issue  to  make  ^ure  that  they 
agree  with  what  you  are  picking  up.  If  these  items  do  not 
agree,  don't  sign  for  any  of  the  items.  Report  any 
discrepancies  to  material  control. 

Exercises  (035): 

1.  What  BCE  section  controls  The  materials  you  will 
receive  in  your  shop? 


3.  What  is  AF  Form  126  used  for? 

2.  Where  must  you  route  an  AF  Form  1445  before  it 
goes  to  Material  Control? 

4.  What  must  be  done  before  a  new  custodian  takes 
over  an  equipment  account? 

3.  Why  should  you  take  your  copy  of  AF  Fcrm  1445 
with  you  when  picking  up  materials? 

5.  What  is  AF  Form  601  used  for? 


6.  What  TA  is  the  main  source  for  individual  clothing 
and  equipment  allowance? 


035.  State  the  procedures  used  to  order  materials  for  BCE 
job  orders  and  service  calls  and  name  the  section  you 
must  go  through  for  approval. 

Material  Control  Support.  The  ma^'^rial  control 
section  processes  request  for  materials,  monitors  the 
status  of  requirements,  and  gives  information  on  the 
availability  of  material.  This  section  controls  all  material 
needs  in  the  BCE  organization  except  janitorial  and 
administrative  supplies. 

Tuis  unit  follows  procedures  set  up  by  AFM  67-1, 
US  A  F  Supply  Manual,  Volume  II,  Part  2,  Chapter  19.  A 
BCE  central  tool  control  center  is  used  to  provide  all  shop 
tools,  tool  kits,  and  so  forth.  Material  control  manages  a 
centralized  bench  stock  at  some  bases. 

Materials  are  requisitioned  by  the  planning  section  of 
BCE,  the  service  call  desk  for  job  orders,  and  by  you  or 
the  people  in  your  shop.  You  will  complete  an  AF  Form 
1445,  Materials  and  Equipment  List,  as  shown  in  figure 
2-1 1 .  The  form  is  routed  through  the  service  call  desk  and 
controller.  They  will  enter  the  job  order  on  it  and  send  it 
to  material  control.  When  the  materials  are  received,  the 
job  can  be  finished. 

AF  Form  1445  is  used  for  all  material  requests  except 
for  Base  Service  items,  individual  equipment  and  tool 
issue  items,  EAID  items,  and  bench  stock  replenishment. 
When  you  pick  up  materials  from  the  BCE  holding  area, 
take  the  AF  Form  1445  with  you  and  compare  the 
materials  you  are  picking  up  against  the  items  on  the 
form.  Check  the  nomenclature  to  be  sure  that  the  item 


036.  Specify  the  procedures  that  pertain  to  the 
establishment  of  bench  stock. 

Bench  Stocks.  A  bench  stock  of  comn'on 
nonrecoverable  hardware  items,  such  as  nuts,  bolts,  and 
screws,  must  be  established  in  each  shop.  Bench  stock  is 
made  up  of  low  cost,  expendable  items  which,  due  to 
regular  use,  are  put  at  the  point  of  use  before  actual  u.se  or 
need.  The  main  advantage  to  this  system  is  that  the  items 
are  available  to  the  user  at  once.  Failure  to  maintain 
adequate  bench  stock  items  and  levels  can  disrupt  your 
work  schedule  just  r\s  mv'ch  as  nonavailability  of  workers. 
.Although  not  repairable  themselves,  bench  stock  items 
are  needed  to  repair  other  items.  The  on-hand  quantity  of 
bench  stock  items  does  not  normally  exceed  a  30-day 
issue  requirement,  except  where  the  unit  of  issue  is 
package,  kit,  etc.  When  it  is  considered  feasible,  the 
package  or  kit  is  issued  as  bench  stock. 

Establishing  bench  stock.  When  a  bench  stock  is 
authorized,  a  list  of  the  required  items  and  quantities  is 
submitted  to  Material  Control.  Material  Control  and  the 
base  supply  bench  stock  unit  then  review  the  list  to 
determine  if  demands  justify  the  items  and  quantities 
requested. 

Each  bench  stock  item  is  assigned  a  4-digit  serial 
nun^L^e**  hy  the  bench  stock  support  unit.  This  number 
sep/es  .vc  the  bench  slock  and  bin  location  identifier  and  is 
part  of  the  !4-digit  document  number  for  ali  supply 
transactions.  Each  item  retains  this  item  serial  number 
until  it  is  deleted  from  bench  stock,  even  though  the  stock 
number  may  change.  The  document  number  contains  the 
following  data:  the  first  digit,  bench  stock  code  (always 
B);  the  next  three  digits,  the  organizational  code;  the  next 
two  digits,  the  shop  code;  the  next  four  digits,  the  date  of 
the  last  demand;  and  the  last  four  digits,  the  item  serial 
number. 
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/.  When  the  security  of  a  ladder  is  endangered  by  other 
activities,  rope  off  the  area  around  it,  fasten  it  securely,  and 
assign  someone  to  study  the  bottom. 

g.  When  you  use  a  ladder  in  front  ol  a  door,  lock  the 
door  or  block  off  the  door  and  route  personnel  to  another 
exit. 

h.  Never  leave  a  ladder  unattended  for  any  length  of  time 
while  it  is  erected — take  it  down  and  lay  it  on  the  ground. 

I.  When  working  from  an  extension  ladder,  stand  no 
higher  than  the  third  rung  from  the  top  and  do  not  attempt  to 
reach  beyond  a  normal  arm's  length. 

j.  If  you  need  help  to  do  the  work,  have  your  helper  get 
another  ladder — don't  allow  anyone  on  the  ladder  with  you. 

k.  Never  climb  a  ladder  while  using  both  hands  to  hold 
material;  at  least  one  hand  must  be  used  while  climbing  oi 
descending  a  ladder. 

/.  Never  place  either  the  top  or  bottom  of  a  ladder  against 
unstable  material. 

m.  Before  climbing  a  stepladder,  be  sure  it  is  fully  open 
and  locked  and  that  all  four  legs  are  on  solid  footing. 

n.  Do  not  leave  tools  on  top  of  a  stepladder  unless  it  is 
equipped  with  a  special  holder. 

o.  Do  not  stand  on  either  of  the  top  two  steps  of  a 
stepladder. 

p.  Never  use  metal  ladders  where  there  is  a  possibility  of 
coming  in  contact  with  electric  current. 

q.  Get  help  when  erecting  long,  heavy  ladders. 

Exercises  (089): 
1.  Match  eacii  of  the  following  situations  in  column  B 
with  the  applicable  safety  precaution  in  column  A. 


Column  A 

Column  B 

Safety  Precaution 

Situation 

(1)  Safety  shoes. 

a. 

Climbing  a  ladder. 

 (2)  Do  not  stand  on  two 

b. 

Working  from  an  extension 

top  steps. 

ladder. 

 (3)  Rope  off  the  area. 

c. 

Before        climbing  a 

 (4)  Do  not  use  near  electr- 

stepladder. 

ical  apparatus. 

d. 

Using  stepladder. 

 (5)  Stand  no  higher  than 

e. 

Be  sure  ladder  rails  are 

third  rung  from  top. 

equipped  with  these  before 

 (6)  Face  the  ladder  and 

climbing. 

use  both  side  rails. 

f. 

Use  metal  ladder. 

 (7)  Be  sure  locking  device 

g* 

Ladder  placed  in  area  of  oth- 

is locked. 

er  activities. 

089a  (099 — ^for  CE  feedback  references  only).  Restate 
requirements  related  to  hazardous  waste  concerning  the 
program  goal,  specific  vulnerabilities  and  disposal 
procedures. 

Hazardous  Waste  Program.  Another  area  you  should  be 
aware  of,  as  an  electrician,  is  a  possible  contact  with 
HAZARDOUS  MATERIAL  (HM)  and  HAZARDOUS 
WASTE  (HW).  There  is  a  wide  variety  of  compounds 
classified  as  HM,  (over  3,000)  while  they  are  in  use,  in 
storage,  and  during  disposal.  In  the  last  stage  the  materials 
become  hazardous  waste.  To  comply  with  Federal,  State, 
local  and  Air  Force  regulations,  a  program  has  been 
established  to  insure  identification  of  HM  and  track  the 
materials  from  issue,  through  the  useful  life  of  the 
materials,  to  the  eventual  disposal  of  the  hazardous  waste 
biproducts.  The  entire  HM  and  HW  program  is  to  prevent 


contaminating  water  supplies  or  the  environment  and 
protecting  personnel. 

Every  Air  Force  installation  should  have  an  HW 
management  plan.  The  plan  should  explain  the  following 
procedures: 

Waste  packaging. 

Storage  of  waste. 

An  inspection  plan. 

Personnel  training. 

Fire  protection. 

Emergency  assistance. 

Evacuation  and  clean  up. 

Recordkeeping. 

The  plan  should  list  all  areas  on  the  base  that  generate 
HW,  what  type  of  containers  are  used  to  package  the  waste 
in,  where  to  take  the  containers  for  disposal,  and  how  the 
disposal  will  take  place.  Disposal  may  require  HW  to  be 
reclaimed,  burned,  or  buried.  HA7,\RDOUS  WAST^ 
MUST  NEVER  BE  POURED  IN  SEWERS,  IN  DRA^^J'T, 
OR  DUMPED  ON  THE  GROUND. 

Vapors  from  volatile  solvents,  fuels,  and  oils  may  Uavei 
a  considerable  distance  in  certain  soils  and  form  an 
explosive  concentration.  Waste  with  a  high  solid  content 
may  form  an  explosive  gas  as  they  decompose. 

Specific  Vulnerabilities.  Hazardous  wastes  generated  at 
Air  Force  bases  are  mainly  products  of  metal  plating  shops, 
aircraft  ?nd  vehicle  washing  racks,  and  shops  that  clean 
engine  parts  and  in  laundry  and  dry  cleaning  operations.  In 
the  electric  shop,  you  may  encounter  HM,  such  as  paint, 
solvent,  oil,  grease,  detergent,  and  acid  and  compounds 
used  for  electrical  insulation,  such  as  polychlorinated 
byphenyls(PCBs). 

PCBs  should  be  considered  extremely  hazardous.  Their 
presence  in  the  environment  has  been  proven  to  cause 
disease  and  possibly  cancer.  Federal  law  now  prohibits  the 
manufacture  of  PCB  in  any  form.  The  Toxic  Substance 
Control  Act  of  1976  is  specific  towards  the  controls  and 
procedures  established  for  the  operation,  maintenance, 
storage,  and  disposal  of  PCB  equipment.  PCB  is  found  in 
all  electrical  capacitors  unless  the  capacitor  is  marked  **No 
PCBs."  Other  areas  you  should  be  aware  of  as  possibly 
containing  PCB's  are  large,  oil-cooled  transformers, 
ballasts  in  fluorescent  lights,  power  filter  equipment  for 
computers,  and  radio  interference  filters,  USE  EXTREME 
CAUTION  when  you  open  filter  boxes  and  electrici  \ 
panels. 

Disposal  Procedures.  You  should  request  that  your 
supervisor  explain  the  local  procedures  for  spilled 
chemicals.  Usually,  a  liquid  is  covered  by  an  absorbent 
material.  A  dry  spill  *s  covered  with  a  plastic  tarpaulin  to 
prevent  it  from  becoming  airborne.  PCB  leaks  or  spills 
should  be  removed  completely.  The  cleanup  material,  rags, 
and  any  contaminated  clothing  should  be  placed  in  a 
standard  steel  1-gallon  or  5-gallon  paint  can.  The  can  must 
have  metal-to-metal  lid  seals  and  must  be  sealed  with 
tetrafluoroethylene  pipe  dope.  The  cans  should  be  marked 
as  containing  PCB  and  routed  to  the  place  designated  by  the 
bioenvironmental  engineer.  Adequate  cleanup  of  spills  is 
essential  to  remove  any  health  or  environmental  hazards. 
When  cleaning  up  spills,  it  is  advisable  NOT  TO  WORK 
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ALONE.  Make  sure  that  the  area  is  properly  ventilated  and 
that  appropriate  protective  equipment  is  used. 

Exercises  (089a): 

1.  What  is  the  goal  of  the  hazardous  material  program? 


2.  How  may  hazardous  material/waste  be  disposed  of 
properly? 


3.  Hazardous    waste    must    never    be    poured  in 

-   ,    in   ,    or  dumped 


4.  List  the  hazardous  materials  you  may  encounter  in 
your  shop, 
a. 


e. 


What  are  the  disposal  procedures  to  take  for  a  liquid  or 
dry  chemical  spill? 


Sulfuric  acid.  The  first  precaution  to  observe  in  working 
with  acids  is  the  process  of  mixing  them.  The  proper  mixing 
procedure  is  always  to  add  the  acid  to  the  water.  Pouring 
small  amounts  of  acid  into  a  larger  volume  of  water  allows 
adequate  cooling  of  the  mixture.  If  this  mixing  procedure  is 
reversed  by  pouring  water  into  the  acid,  a  violent  reaction 
may  occur  and  acid  may  be  splashed  over  a  wide  area. 

Sulfuric  acid  is  dangerous  to  any  part  of  your  body, 
especially  to  your  eyes.  In  the  event  of  any  contamination, 
the  affected  area  must  be  flushed  immediately  with  a 
solution  of  bicarbonate  of  soda  and  water.  If  the  eyes 
become  contaminated,  immediately  flushing  with  large 
volumes  of  water  is  important,  and  expert  medical  aid 
should  be  obtained  at  once.  Sulfuric  acid  will  also  damage 
clothing,  shoes,  or  just  about  anything  with  which  it  comes 
in  contact.  One  more  hazard  of  this  unpleasant  material  is 
its  possible  explosion  hazard.  When  a  battery  containing 
sulfuric  acid  is  being  charged,  a  quantity  of  hydrogen  gas  is 
given  off.  This  hydrogen  gas  is  highly  explosive.  For  this 
reason,  battery  rooms  or  other  battery  charging  areas  must 
always  be  considered  as  no  smoking  areas. 

Potassium  hydroxide.  This  is  ot  an  acid,  but  its  use 
requires  the  observance  of  certain  safety  precautions. 
Potassium  hydroxide  (KOH)  is  very  dangerous  to  the  skin 
and  eyes.  It  destroys  tissues  and  causes  severe  bums. 
Breathing  the  vapors  may  result  in  injury  to  the  respiratory 
system.  Some  safety  precautions  that  you  must  observe  in 
handling  any  battery  electrolyte  are  listed  as  follows: 


protective   clothing,  including 
eyewash  fountains 
areas  and 


090.  From  a  list  of  presumed  safety  precautions  related 
to  handling  chemicals  or  chemical  solutions,  distinguish 
between  safe  and  unsafe  precautions. 

Chemicals  and  Chemical  Solutions.  The  types  of 
chemicals  with  which  you  will  most  likely  be  concerned  are 
those  used  for  storage  batteries.  The  chemicals  are  used  as 
electrolyte  for  the  batteries.  The  two  you  may  come  in 
contact  with  are  sulfuric  acid,  used  i:.  lead-acid  batteries, 
and  potassium  hydroxide,  used  in  the  nickel-cadmium 
batteries. 
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•  Always   wear  full 
gastight  goggles. 

•  Use    safety     showers  and 
immediately  upon  contamination. 

•  Neutralize  and  flush  all  contaminated 
equipment. 

•  Keep  all  battery  areas  well  ventilated  and  do  not 
breathe  vapors  from  batteries. 

•  Treat  lead-acid-type  battery  areas  as  no  smoking  areas. 

Exercises  (090): 
1.  If  the  following  precautions  are  safe,  place  an  *'S**  in 
the  blank  space.  If  they  are  unsafe  use  a  **U''  and 
correct  them. 

 a.  Use    full    protective    clothing    when  handling 

electrolyte. 

 b.  Medical  aid  is  not  needed  if  eyes  are  flushed  with 

water  after  being  contaminated. 
 c.  Ventilation     is     unnecessary     for  potassium 

hydroxide. 

 d.  The  proper  mixing  procedure  for  mixing  acids  is 

always  to  add  the  acid  to  the  water. 

 e.  Treat  lead-acid-type  battery  areas  as  no  smoking 

areas. 


091.  Match  types  of  flammable  material  with  the  classes 
of  fire,  and  state  the  extinguishing  agent  to  use  on 
various  types  of  fires. 

Fire  Prevention.  Although  firefighting  is  the  prime 
responsibility  of  the  fire  department,  it  is  your  jv  S  to 
prevent  fires  and  to  help  ^ut  them  out  if  they  do  start. 
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Good  housekeeping  is  essential  in  the  prevention  of  fires. 
If  you  let  trash,  waste,  dust,  and  other  residue  build  up, 
they  become  a  source  ol  fire.  Oily  rags,  for  example,  can 
ignite  by  spontaneous  combustion.  You  can  prevent  Fires  of 
this  type  by  storing  oily  rags  in  a  metal  container  with  a  lid 
(see  fig.  4-13). 

Another  serious  fire  hazard  is  the  accumulation  of  fuel 
vapors,  gases,  paint  vapors,  and  other  items  of  this  nature. 
To  eliminate  this  type  of  hazard,  keep  your  shop  clean  and 
well  ventilated.  Prevent  fires  whenever  you  can,  but  also 
know  something  about  the  four  classes  of  fires  and 
something  about  how  to  fight  them. 

Classes  of  Fires.  You  can  put  out  fires  in  each  of  the  four 
classes  by  the  use  of  a  particular  action  or  cxtinguisliing 
agent.  Some  fire  extinguishers  do  not  work  well  on  all 
classes  of  fires.  Water,  for  example,  may  cause  an  oil  fire 
to  spread  rather  than  put  out  the  fire. 

Class  A  fires.  Class  A  fires  are  those  occurring  in  wood, 
clothing,  paper,  rags,  and  other  items  of  this  type.  This  type 
of  fire  can  usually  be  put  out  with  water.  Water  provides  the 
cooling  and  quenching  effect  necessary  to  extinguish  class 
A  fires.  You  may  also  use  the  soda-acid-type  extinguisher 
on  this  class  of  fire.  Another  type  of  extinguisher  you  can 
use  on  class  A  fires  is  the  foam  type.  You  may  also  use 
foam  on  class  B  fires. 

Class  B  fires.  Class  B  fires  are  those  occurring  in 
flammable  liquids  such  as  gasline,  fuel  oil,  lube  oil,  grease, 
paints,  etc.  The  agents  required  to  put  out  this  type  of  fire 
are  those  which  will  blanket  the  surface  of  the  fire.  This 
action  creates  a  smothering  effect.  Tlie  types  of  fire 
extinguishers  for  use  on  class  B  fires  are  foam,  carbon 
dioxide  (CO^),  and  dry  chemical.  The  dry  chemical  units 
contain  a  dry  powder,  usually  sodium  bicarbonate,  and  an 


activating  agent  of  CO^  or  nitrogen  gas.  The  di^  chemical 
extinguisher  is  also  used  o.n  class  C  and  D  fires. 

Class  C  fires.  The  class  C  fires  are  fires  in  electrical 
equipment  and  facilities.  The  extinguishing  agent  for  this 
type  of  fire  must  be  a  nonconductor  of  electricity  and  must 
provide  a  smothering  effect.  The  dry  chemical  extinguisher 
is  used  for  this  purpose. 

Class  D  fires.  The  class  D  fires  occur  in  combustible 
metals  such  as  magnesium,  potassium,  powdered 
aluminum,  zinc,  sodium,  titanium,  zirconium,  and  lithium. 
The  extinguishing  agent  for  this  type  of  fire  must  be  a  dry- 
powdered  compound  which  creates  a  smothering  effect. 

If  you  discover  a  fire,  you  should  take  certain  actions. 
First,  sound  the  alarm  and  alert  all  personnel.  Second,  you 
must  call  the  base  fire  department  and  give  exact  directions 
to  the  location  of  the  fire.  You  should  take  these  first  two 
actions  quickly.  Then,  the  personnel  in  the  area  should 
apply  the  most  effective  means  available  to  put  out  or  to 
contain  the  fire.  When  assigned  to  a  new  shop,  you  should 
find  the  fire  extinguisher  in  the  area.  Also  find  out  what 
types  of  extinguishers  are  available  and  how  to  operate 
them.  This  information  is  usually  printed  on  the  fire 
extinguisher. 

Exercises  (091): 

1 .  Match  the  class  of  fire  in  column  B  with  the  flammable 
material  in  column  A  by  placing  the  letter  in  the 
appropriate  blank. 


Column  A 

(1)  Magnesium. 

(2)  Electrical  equipment. 

(3)  Paper  and  rags. 

(4)  Gasoline  and  grease. 


Column  B 

a.  Class  A. 

b.  Class  B. 

c.  Class  C. 

d.  Class  D. 


AVOID  FIRES 

KEEP  OILY  rags  and 
WASTE  IN  COVERED 
METAL  CONTAINERS 


Figure  4-13,  Fire  prevention  at  work. 
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2.  Name  three  types  of  extinguishing  agents  that  are  used 
on  paper  and  wood  fa*es . 


3.  What  three  types  of  extinguishers  are  used  on  gasoline 
and  oil  fires? 


4.  What  type  extinguisher  is  used  on  electrical  fires? 


4-3.  First  Aid 

Of  all  the  the  different  tasks  or  jobs  that  you  perform, 
knowing  and  being  able  to  apply  first  aid  procedure:,  is  one 
of  the  most  important.  In  this  section  we  will  talk  about  the 
first  aid  you  should  know.  This  will  include  artificial 
resuscitation,  closed  chest  cardiac  massage,  bleeding, 
protecting  and  treating  wound.s,  heat  exhaustion,  and 
shock.  This  section  is  not  intended  to  qualify  you  as  a 
doctor  or  a  Utedical  person,  but  it  may  help  you  save  a  life. 
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Figure  4-20.  Two-person  rescue  position. 


NOTE:  With  a  child,  use  only  one  hand  and  relatively 
light  pressure.  In  newborn  infants,  the  use  of  fingers  only 
may  be  sufficient. 

Release  the  pressure  immediately,  lifting  the  hands 
slightly  (see  fig.  4-22),  then  repeat  in  a  cadence  of 
approximately  60  thrusts  per  minute. 

(5)  Continue  steps.  Continue  closed  chest  cardiac 
massage  until  you  get  professional  medical  aid.  Also, 
continue  to  give  mouth-to-mouth  resuscitation  until  help 
arrives.  If  you  are  on  your  own  and  the  victim  shows  no 
response,  continue  both  measures  until  the  victim 
becomes  stiff  (rigor  mortis  sets  in).  Even  train'^d  and 
experienced  medical  personnel  find  it  increasingly 
difficult  to  say  when  a  person  is  really  dead  beyond  recall. 
Again,  the  most  important  point  is  to  immediately  begin 
and  continue  resuscitation  efforts. 


Figure  4-22.  Releasing  pressure. 

Precautions.  Care  must  be  taken  in  administering 
closed  chest  cardiac  massage.  Follow  the  above 
procedures  carefully  regarding  the  placement  of  hands 
and  force  applied  in  order  to  avoid  complications,  such  as 
fractured  ribs  or  injury  to  the  spleen,  liver,  or  other 
organs. 

Care  of  the  patient.  An  unconscious  person  becomes 
cold  very  rapidly,  and  chilling  means  a  further  strain  on  a 
vitality  already  weakened.  Experience  has  shown  that  the 
cold  to  which  the  victims  of  gassing,  electric  shock,  or 
drowning  are  often  carelessly  exposed  is  probably  the 
most  dangerous  aftereffect  of  all  these  accidents.  As  far  as 
possible,  keep  the  patient  covered  and  warm  during  and 
after  resuscitation.  Use  hot  pads,  hot  water  bottles,  hot 
bricks,  radiant  heaters,  or  other  similar  means;  but 
remember  that  an  unconscious  person  has  no  way  of 
telling  you  when  he  or  she  is  being  burned.  Do  not  permit 
exertion  on  the  part  of  the  victim.  If  it  should  be 
necessary  to  move  the  victim,  keep  the  person  lying 
down. 

Exercises  (093): 

1.  In  brief  statements  list  the  5  steps  in  closed  chest 
cardiac  massage. 


2.  Where  is  the  easiest  place  to  detect  a  pulse  on  an 
individual? 


Figure  4-21 .  Placement  of  hands. 
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3.  If  only  one  rescuer  is  available,  what  is  the  rate  of 
compressions  to  one  breath? 


4.  How  long  should  you  continue  closed  chest  cardiac 
massage? 


5.  When  giving  closed  chest  cardiac  massage  to  an 
individual,  the  rescuer  exerts  pressure  at  what  rate? 


6.  What  complication  could  result  if  you  did  not  follow 
the  correct  procedure  when  performing  closed  ci>est 
cardiac  massage? 


7.  Why  is  it  necessary  to  keep  the  victim  covered  and 
warm  during  and  after  resuscitation? 


094.  Identify  particular  blood  vessels  with  their 
functions  and  procedures  for  controlling  bleeding  from 
lacerations  and  abrasions  with  their  purpose. 

Circulatory  System.  In  order  to  be  able  to  stop  or 
control  bleeding,  you  must  first  understand  something 
about  how  the  blood  circulates  through  the  body.  When 
blood  leaves  the  heart,  it  is  pumped  into  large  vessels  called 
arteries.  As  pressure  from  the  heart  drives  the  blood,  it 
travels  through  small  blood  vessels  called  the  capillaries. 
After  leaving  the  capillaries,  the  blood  starts  its  trip  back  to 
the  heart.  The  blood  enters  larger  and  lager  vessels,  called 
veins.  It  Is  the  veins  that  return  the  blood  back  to  the  heart. 

Types  of  Bleeding.  Types  of  bleeding  are  classified  by 
the  type  of  blood  vessel  which  has  been  cut.  These  types  are 
called  capillary,  venous,  and  arterial  bleeding.  In  capillary 
bleeding,  the  blood  oozes  or  flows  at  a  very  slow  rate.  The 
blood  is  bluish-red  and  is  easily  controlled.  The  rate 
bleeding  will  depend  on  the  size  of  the  vein  that  has  been 
cut.  The  rate  of  flow  will  be  more  steady  and  darker  in  hue 
than  capillary  blood.  In  arterial  bleeding,  the  most 
dangerous  type,  there  is  a  large  amount  of  bright  red  blood. 
It  spurts  in  rhythm  with  the  heart  beat  and  can  jsually  be 
detected  by  a  pumping  action.  Of  course,  type  of  bleeding 
will  influence  the  way  you  control  the  blood  flow. 

Controlling  the  Blood  Flow.  In  attempting  to  control  the 
flow  of  blood,  there  are  a  few  steps  that  you  should  take 
immediately. 

(1)  Lay  the  victim  down.  If  the  victim  does  not  lay  down, 
faintness  may  occur  at  the  sight  of  blood  and  further  injury 
may  occur. 


(2)  Expose  the  wound  so  that  you  can  vrhcck  the  entire 
area  affected  by  the  cut. 

(3)  To  stop  the  flow  of  blood  you  should  app.y  pressure 
to  the  cut  with  a  dressing  or  with  some  substitute  such  as  an 
undershirt.  Be  sure  to  use  a  clean  article  if  possible.  Place 
the  dressing  against  the  cut  and  apply  pressure.  The 
pressure  may  be  exerted  by  the  use  of  the  hand.  Continue 
pressure  as  long  as  needed.  If  the  cut  is  on  the  arms  or  legs, 
you  may  elevate  the  limb  to  help  slow  down  the  flow  of 
blood.  Do  not  raise  the  limb  if  you  think  the  bone  is  broken. 
This  could  result  in  further  injury.  This  procedure  will 
usually  control  most  severe  bleeding  of  all  types. 

(4)  If  the  above  procedure  does  not  work,  you  may  be 
able  to  stop  the  tlow  of  blood  by  applying  hand  or  finger 
pressure  at  various  points  on  the  victim's  body.  The  major 
pressure  points  are  shown  in  figure  4-23.  Each  one  of  the 
dots  in  the  figure  is  a  major  pressure  point.  The  two  most 
commonly  used  pressure  points  are  the  ones  located  in  the 
groin  and  the  inner  side  of  the  upper  arm.  Use  the  neck 
pressure  point  when  the  victim  has  a  profusely  bleeding 
scalp  wound;  however,  use  the  neck  pressure  point  only  as  a 
last  resort — when  all  other  methods  of  stopping  the 
bleeding  have  failed.  Do  not  apply  pressure  to  both  neck 
points  at  the  same  time.  To  do  so  would  severely  reduce  the 
blood  supply  to  the  brain,  causing  unconsciousness  and 
then  death. 

(5)  If  the  bleeding  has  not  been  stopped  by  any  of  the 
steps  so  far  listed,  as  a  )«st  step,  use  a  tourniquet.  A 
tourniquet  could  be  defined  as  a  wide  band  of  cloth  or  some 
other  similar  material  placed  just  above  a  wound  to  stop  all 
flow  of  blood.  Since  the  use  of  a  tourniquet  will  stop  all 
blood  flow  to  the  point  of  application,  it  should  be  used  as  a 
last  resort  only.  Any  time  blood  flow  to  a  limb  is  stopped, 
you  run  the  risk  of  losing  that  limb.  As  a  last  step,  you  may 
have  to  sacrifice  a  limb  in  order  to  save  a  life.  Once  a 
tourniquet  is  applied,  you  must  insure  that  the  victim 
receives  care  by  a  physician  as  soon  as  possible. 

To  use  a  tourniquet,  place  it  just  above  the  wound.  If  the 
wound  is  in  a  joint  area  or  just  below  a  joint,  you  should 
place  the  tourniquet  right  above  the  joint.  Listed  below  are 
the  steps  to  follow  in  applying  a  tourniquet. 

a.  Wrap  the  tourniquet  band  twice  tightly  around  the 
limb  and  tie  in  a  knot  (see  fig.  4-24, A). 

b.  Place  a  strong,  short  stick,  or  some  similar'  object,  on 
top  of  the  knot.  Tie  two  more  knots  on  top  of  the  stick  (see 
fig.  4-24,B). 

c.  Twist  the  stick  to  tighten  the  tourniquet  until  the 
bleeding  stops  (see  fig.  4-24, C). 

d.  Secure  the  stick  in  place  with  the  loose  ends  of  the 
tourniquet  or  another  strip  of  cloth  (see  fig.  4-24. D). 

e.  Make  a  written  note  of  the  location  of  the  tourniquet 
and  the  time  it  was  applied.  Attach  this  note  to  the  victim's 
clothing. 

/.  Treat  the  victim  for  shock  and  also  any  other  first  aid 
he  may  require. 

g.  Never  cover  a  tourniquet. 

h.  Do  not  loosen  the  tourniquet  except  on  the  advice  of  a 
physician. 

Hopefully,  you  will  never  have  to  use  any  of  these  steps. 
But  because  of  the  dangers  of  your  job,  you  could  be  in  a 
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013  -  1 .  When  an  enemy  know«  ^n  advance  he  is  going  to  be  attacked*  he 
has  time  to  plan  his  counteractions  or  avoid  thkat  attack. 

013  "  2,  The  purpose  is  to  keep  the  tactical  and  strategic  advantage  on 
our  side  by  protecting  information  and  activity  regarding  our 
plans. 

014-1,  (a)  Identify  those  portions  of  an  operation  that  require 
protection,  (b)  develop  OPS  EC  procedures  and  techniques,  (c) 
systematically  assess  OPSEC  status  at  all  operational  levels, 
and  (d)  document  deficiencies  and  institute  corrective  actions, 

014-2.    Operations,  communications »  and  procedures. 

014-3.  Any  type  of  information  that  could  reflect  a  change  in  procedure 
or  operations,  whether  the  information  seems  important  or 
unimportant . 

015  -  1.    a.    Yes.  This  is  a  routine  community  relations  effort,  usually 
screened  and  cleared  by  the  Office  of  Information. 

b.  No.  This  conversation  deals  with  a  probable  limitation  on  a 
strategic  weapo..  system  component. 

c.  No.  This  conversation  deals  with  the  distances  to  the 
location  of  strategic  weapons  systems  components  from  a 
known  point. 

d.  Yes.  This  is  a  routine  story  for  acknowledging  excellence. 

e.  No.  This  also  appears  to  be  a  probable  compromise  of 
classified  material,  since  the  "(S)*'  indicates  Secret 
classification. 

f.  No.  This  information  reveals  a  probable  change  in  some 
pan  of  the  missile  s  'stem.  thus  pointing  toward  other 
changes. 


019 

019 

019 
019 

019 


020 
020 


-  3. 


5. 
6. 


020  -  3. 


020 
020 

020 
020 
020 


020 
020 
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016  -  1. 


(1)  a. 

(2)  b. 

(3)  c. 

(4)  a. 

(5)  b. 

(6)  c. 


C20  -  n. 


021  -  1. 


021  -  2. 


They  are  listed  in  the  proper  numerical  index  in  numerical 
order. 

(1)  Some  items  are  bought  locally  off  the  shelf  and  (2)  some 
items  are  bought  in  very  small  quantities. 
Specialized  instructions,  standards,  and  codes. 
Through  local  procurement  from  the  equipment  manufacturer  or 
^rom  other  commercial  sources  depending  on  the  publication. 
They  are  not  indexed  in  the  publications  indexes  but  they  should 
be  k'jpt  together  and  filed  in  a  section  or  on  a  shelf  of  a 
publications  filing  cabinet. 

a.       b.  X.c._.d.__,  e.  X.  f.  X.  g.  X,  h.       i.  X, 
a.  F,  they  are  issued  as  regulations;  b.  T;  c.  T;  d.  F,  they  are 
listed  in  numerical  order;  e.  T;  f.  F.  they  are  listed  generally  in 
the  order  they  were  issued;  g.  F,  it  contains  only  the  general 
subject  areas;  h.  T. 

(I)  g,  (2)  i.  (3)  f,  (4)  a,  (5)  b,  (6)  e.  (7)  b.  (8)  k,  (9)  f,  (10)  b» 

(II)  k,(12)d. 

In  TO  index  0-2-01  (NI&RT). 
Electric  drill  press  -  category  34. 
Oxygen  cylinder  -  category  42. 
Numerical  index  TOs  begin  with  0-1 . 
TO  0-2-1. 

TOs  are  identified  by  category  numbers  and  are  indexed 
numerically,  alphabetically,  cross  referenced,  and  by  specific 
equipment. 
0-1-01. 

10.  The  numbers  of  the  first  and  last  TOs  in  the  binder  are  shown  on 
a  tab  located  on  each  binder. 

TOs  are  filed  in  numerical  order  and,  when  alphabetical  letters 
are  involved,  both  numerically  and  alphabetically. 

AFR  85-1,  AFM  85-3,  AFM  85-5.  AFR  85-7,  AFR  85-10» 
AFM  85-14. 

AFP  85-1 .  AFR  85-9.  AFM  85-13. 


017  -  1 


(7) 

a. 

022  -  1 , 

a. 

X. 

(8) 

b. 

b. 

(9) 

c. 

c. 

(10) 

a. 

d. 

xT* 

(11) 

c. 

e. 

X. 

(12) 

c. 

023  -  1 

.  (1) 

b. 

(1) 

a,  b»d»h. 

(2) 

a. 

(2) 

c,  e,  f»  g. 

(3) 

a. 

(3) 

b. 

(4) 

c. 

(4) 

c 

(5) 

a. 

(5) 

(6) 

a. 

(6; 

e. 

(7) 

c. 

(7) 

d. 

(8) 

c. 

(8) 

g- 

(9) 

b. 

(9) 

f. 

(10) 

a. 

(10) 

a. 

(11) 

c. 

(11) 

f. 

(12) 

b. 

(12)  g. 

(13)  c. 

(14)  h. 

(15)  a. 

(16)  d. 

(17)  b. 

(18)  g, 

(19)  h. 

(20)  a. 

C18  -  1.  (1)  a,  (2)  b,  (3)  d,  (4)  c,  (5)  e,  (6)  a,  (7)  c»  (8)  e,  (9)  b,  (10)  d, 
(ll)b,(12)  a,  (13)  b,(14)e,(15)c,(16)d,(17)b. 

019  —  1.  They  are  identified  by  having  the  TO  number  placed  on  them 
and  they  should  be  dated.  In  some  cases,  a  one-sheet  identifying 
TO  is  issued  as  a  title  sheet. 

019  —  2.  They  may  be  in  the  regular  TO  binders  in  numerical  order  with 
the  other  TOs  or  they  may  be  filed  in  a  separate  file  in  numerical 
order.  When  in  the  regular  TO  file,  the  identifying  title  sheet  is 
filed  just  in  front  of  the  publication.  If  kept  in  a  separate  file,  the 
identifying  title  sheet  is  filed  in  numerical  order  and  a  notation 
in  put  on  it  to  show  where  the  publication  is  filed. 


024  -  1 .  Standard  publications  are  filed  in  binders  in  numerical  sequence 
by  series  number  and  specific  item  number.  The  binders  are. 
numbered  and  placed  in  the  file  in  numerical  sequence. 

024  -  2.  Changes  are  filed  immediately  behind  the  basic  publication 
affected.  Supplements  are  filed  behind  changes  in  descending 
order  according  to  the  level  of  command  that  published  the 
supplement. 

024  -  3.  Binder4. 

024  -  4.  Identify  the  number  of  the  needed  publication,  check  current 
status  of  the  publication,  and  look  at  the  binder  inserts  until  you 
una  the  number  on  an  msert  or  it  falls  between  the  numbers  on 
an  insert — your  publication  is  in  that  binder. 

024  -  5.    First  use  TO  0-1-01  to  find  the  proper  category  index  number. 

Second,  get  the  binder  with  the  category  index  in  it  and  look  at 
the  table  of  contents  to  find  proper  subcateogry  for  the  type  of 
tool  you  are  looking  up.  Turn  to  the  subcategory  indicated  and 
find  the  correct  TO  number.  Then,  look  for  the  binder  that 
contains  the  wanted  TO,  remove  it  from  the  file,  and  turn  to  the 
TO. 

024-6.    Binder  68. 
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670 


25 


026 
026 


026  -  3. 


026  -  4. 


026  -  5. 


025  -  I .    Subjects  in  standard  publications  can  be  found  in  the  table  of 

contents  or  the  index. 
025  -  2.   The  index  provides  specific  information  whereas  the  table  of 

contents  contains  general  information. 
025  -  3.    (a)  Locate  the  desired  publication,  (b)  use  the  table  of  contents 

or  the  index  and  locate  the  wanted  subject,  (c)  turn  to  the 

indicated  page  or  paragraph,  and  (d)  research  the  material  for 

the  desired  information. 

CHAPTER  2 

A  work  plan  that  identifies  work  ahead  of  time. 
The  planners  perform  an  inspection  of  base  facilities  to  find  out 
what  work  needs  to  be  done. 

a.  Recurring  labor  such  as  cathodic  protection  readings. 

b.  Equipment  maintenance  such  as  fire  alarms. 
Management  by  exception  is  the  process  of  comparing 
estimated  labor  hours  to  actual  labor  hours. 
Base  Engineer  Automated  Management  System  (BEAMS). 

To  make  uniform  and  accurate  estimates  for  labor  hours. 
Industrial  engineers  and  technicians. 
Maintenance. 

MTM  is  a  system  of  predetermined  standards  for  basic  motion. 
Time  study. 

Work  sampling  is  a  work  measurement  technique  used 
primarily  to  determine  percentage  of  work  or  delays  as  a  part  of 
the  total  time  expanded. 
026a  -  7.  Task-time  standards  show  man-hours  required  to  perform  the 
work  described  and  are  used  as  a  basis  for  information 
presented  in  the  craft  handbooks. 
•8.   AFM  85  series. 

1.  A  maintenance  program  that  automatically  schedules,  through 
BEAMS,  recurring  work  to  the  shops. 

2.  Shop  supervisors  will  fill  out  an  AF  Form  1841 ,  Maintenance 
Action  Sheet  (MAS)  for  each  month. 

3.  Superintendents  will  review  the  RMPs  to  make  sure  only 
essential  work  is  included. 

4.  Any  of  the  following: 

a.  Calibrating  thermostats  on  deep-fat  fryers. 

b.  Maintaining  eir.eigency  lights. 

c .  Reading  static  grounds . 

d.  Reading  lightning  protection. 

e.  Cathodic  protection  maintenance. 

f.  Fire  alarm  maintenance. 

g .  Intrusion  alarm  maintenance . 


026a 
026a 
026a 
026a 
026a 
026a 


-  1 

-  2 
~  3 
~  4, 

-  5 

-  6 


026a- 
027- 

027  - 

027  - 

027- 


028  -  I. 


029 

029 

029 
029 
029- 
029- 

030 
030  ■ 
030- 


-  I. 

~  2. 

3. 
4. 
5. 
6. 

\, 
2. 
3. 


031  -  1. 


031 
031 


a.  Uniform  reporting  system. 

b .  Identifies  direct  labor  cost  against  work  orders . 

a.  ATA. 

b.  ETA. 

The  controller  or  shop  supervisor  fills  this  form  out  on  a  daily 
basis  to  record  man-hours  used. 

They  arc  printed  below  the  respective  group,  military  or 
civilian. 

The  control  center  code  and  cost  centercode. 
The  daily  worksheet  is  based  on  AF  Form  561 . 
A  current  job  is  assigned  to  that  worker. 

The  man-hours  arc  entered  by  numbers  assigned  to  the  jobs 
each  person  performs. 

It  is  used  to  compute  labor  cost  through  BEAMS  on  a  monthly 
basis. 

Only  labor  loaned  from  ETA  to  ATA  cost  centers  and  family 
housmg  management. 

Work  control,  planning,  real  estate  management,  cost 
accounting,  engineering,  and  others  like  these. 

a.  An  emergency  work  order  from  the  service  call  desk. 

b.  A  routine  job  order  on  AF  Form  1 879. 

c.  AF  Form  327,  BCE  Work  Order. 

d.  AFForra  1219,  BCE  Multi-Craft  Job  Order. 
The  shop  supervisor. 

The  objective  is  to  know  the  location  of  each  workers  and  the 
status  of  all  work. 


032  -  1.  (1) 

c. 

(2) 

f. 

(3) 

d. 

(4) 

e. 

(5) 

a. 

(6) 

f. 

(7) 

e. 

(8) 

e. 

(9) 

d. 

(10) 

b. 

(11) 

c. 

(12) 

c. 

033 
033 
033 
033 
033 

034 
034 
034 
034 


'  1.  Unit  mission,  number  of  people. 

-  2.  The  table  of  allowance  (TA). 
■  3.  The  average  AF  unit. 

■4.  TA-001  orMEMI. 

-  5.  486. 


1.  The  chief  of  supply. 

2.  To  make  sure  all  items  are  there  and  serviceable. 

3.  AFForm  126  is  used  to  record  all  custodial  requests. 

4.  The  new  custodian  must  attend  the  equipment  custodian 
briefing  and  make  sure  all  discrepancies  are  cleared  up  before 
signing  for  the  account. 

034  -  5.    AF  Form  601b  is  used  to  ask  for  allowance  and  authorization 
changes,  ordering,  turn-ins,  and  updating  equipment. 

034  -6.  TA-016. 

035  -  1.    Material  Control. 

035  -  2.    Service  call  and  your  controller. 

035  ~  3.    To  make  sure  all  items  are  there  and  correct. 

036-  1.  Bench  stock. 

036-  2.  30-day. 

036-  3.  Material  Control. 

036-4.  Bench  stock  code  (always  B). 


037  -  1. 


(1)  a. 

(2)  a. 

(3)  b. 

(4)  a. 

(5)  b. 

(6)  b. 

(7)  a. 

038  -  1.  Yellow. 

038  —  2.    Unserviceable  but  repairable. 

039-  1.  AF  Form  1801,  Request  for  Issue  or  Turn-in,  is  used  for 
expendable  shop  use  type  items. 

039  -  2.    The  items  aic  recurring  issue. 

039  -  3.    The  justification. 

040  -  1 .    For  temporary  custody  of  an  item. 

040  -  2.    Normally  24  hours,  but  does  stay  ia  effect  until  returned. 
040  -  3.    The  form  is  returned  to  thj  individual. 

041-1.    All  personnel. 

041-2.  TO  00-35D-54,  USAF  Material  Deficiency  Reporting  System 
or  AFR  66-30,  Product  Improvement  Program  for  Operational 
Equipment. 

CHAPTER  3 

042  —  1 .    a.    To  the  mission. 

b.    Tell  them  the  job  comes  first.  As  soon  as  the  job  is 
complete,  they  can  have  the  time  off. 
042  -  2.    Explain  the  situation  to  Sgt  Sims  and  express  regret  in  not  being 

able  to  let  him  off  at  this  time,  because  the  mission  must  come 

first. 

042  -  3.  Explain  to  the  colonel  that  you  have  a  work  schedule  you  have 
to  go  by  and  ask  him  to  call  the  service  call  desk  to  get  a  work 
order. 

042  -  4.  Inform  Material  Control  of  the  problem  and  turn  them  in  for 
repair. 

042  -  5.  You  will  get  the  tools  and  equipment  they  will  need,  train  them 
on  shop  tools  and  equipment,  and  provide  on-the-job  training 
necessary  for  upgrade  training. 


141a 


043  -  1.    Job  proficiency  is  knowing  the  542X0  specialty  principles  and 

performing  the  skills. 
043  -  2.    a.    Personnel  probably  would  not  respect  you  as  a  supervisor. 

b.    The  product  from  your  shop  would  probably  be  of  marginal 
quality. 


044  -  1 .    a.    You  explain  to  the  worker  that  you  are  unfamiliar  with  that 
particular  item  of  equipment  but  that  you  both  can  look  it 
up  in  the  TO  or  manual, 
b.    You  make  it  known  that  your  door  is  open  to  anyone  that 
has  a  problem  and  wants  to  talk  it  over  with  you. 
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1)63  -  1 .    A  C1>C  or  STS  trainine  rctcrcncc  tor  the  AhSC 

0^.^  -  2.    A  person  viipablc  of  administering:  job  proficiency  training. 

06."^  -  3.    The  snper\isor  can  cenify  iob  proficiency  on  the  task  if  he  or 

slie   observes   the   perfomiance   and   can   verify    it   by  an 

aiithi>ritativc*  reference  <e.  e  .  TO  or  manual ) 

-  4     Proper  procedures,  tools,  materials,  etc.  are  used  and  the 

CvMUpletcd  work  mccis  established  standards. 
iK>3  -  5.     The  Chief.  Persi>nnel  Division,  must  appoini  a  competent 
authoritN  who  possesses  all  the  facts    This  authority  caietulK 
weighs  all  tactors  to  decide  if  a  capability  exists 
()(>3  -  6.    The  Chief.   Personnel    Division,   forwards   a   statement  of 
circumstances  to  the  parent  majoi  citminand  (MAJCOM  ). 
-7.    The  MAJCOM. 

-  I.    a.    Technological  auvanceinents. 

b.  iVrsoiinel  chaniies 

c.  Career  field  adjustments. 

2.  By  apply ine  a  plan  o?  evaluation 

3.  Current  and  projected  training  requirements 

4.  Speciairs  description.  STS.  JPG  .md  job  breakdown,  and  the 
]ob  performance  requirements 

1.  How    seriously    the    people   in   the   progran^    accept  their 
responsibilities. 

2.  a.  STS. 

b.  C'?rrentJPG. 

c .  Task  breakdv^w  n . 

d      Necessaf>  tools,  equipment,  and  supplies 

3.  Trainee  participation. 

4.  Written. 

5.  Perfomiance. 

Formal  courses 
Career  Development  Courses. 

Ability  of  recent  graduates  to  pertorm  tasks  to  the  specified 
training  standard. 

Bxtent  to  which  acquired  skills  are  used  by  recent 
graduates. 

c.  Extent  lo  which  know  ledge  is  retained  by  recent  graduates. 

d.  Need  to  revise  STS.  formal  courses  or  CDCs. 

e.  Need  for  further  evaluation  of  training  problem  ai^as 
identified  by  this  evaluation  of  recent  graduates. 

The  official  Air  Vorcc  specification  for  training. 
Tasks,  knowledges,  and  study  technical  references. 
3.5.  and  7  skill  levels. 
The  career  development  channel  of  OJT. 


()(>3 
OM  - 

OM  • 
OM  ■ 
OM  • 

065 
065 


065 
065 

066 
066 


a. 
b 


b. 


3. 
4. 

-  1. 


067 
067 
067 
067 

068 
068 
068 
068 
068 
068 
068 
068 
068 
068 
068 
068 
068 
068 


06^  - 


1 


4. 

5. 

6. 
■  7. 
•  S. 

-  4.  e 

-  10.  I 

-  11 


h. 


12.  a. 

13.  k. 

14.  d. 


I. 


06^  -  3. 


06^>  - 
070  - 

070 

070 

070 


The  Specialty  Description  in  AFR  3^>-l. 

To  support  task  and  knowledge  training  and  as  a  basis  for  career 

km^w ledge  training  when  CDCs  are  not  available. 

A  prv>liciencv  code  in  these  columns  indicates  the  extent  of 

iraining  needed  tor  the  task  in  a  course  and  or  OJT. 

Through  OJT. 

The  STS  contains  the  majority  ot  lasks  fi>r  which  an  ;i.;inan  is 
responsible. 

B>  draw  ing  a  circle  around  the  proficicnc\  code  in  Cvilumns  2A. 
3.\.  or4A. 

By    recording    the    uate    completed    and    the    trainee  and 

supervisor  trainer  initialin;:  it 

Local K  assigned  tasks  that  are  not  on  the  STS. 


070  - 

071  - 

071  ' 
071  - 

071  - 

07:  - 

072  - 

072 

072 
072 

0"3 
073 
073 

074 
074 
074 


-  3. 


074 
074 

074 
074 


4. 

5. 

6. 
•  7. 


074  -  8. 


074 


075 
075 
075 
075 
075 


076  -  1 

f)76  -  : 
076  -  : 
076 


076 
076 


-  4. 


-  5. 

-  6. 


Study  technical  reference,  proficiency  levels,  and  space  for 
trainee's  and  supervisor's  initials. 

Circle  and  iniii:il  the  appropriate  verb. 
The  same  as  any  ta.sk  w  ith  only  one  verb 
Tne  same  as  L'GT 

The   supervisor   must   start   the  ainiian  on   a   program  of 
qualification  training  on  that  task . 

If  the  JPG  is  not  needed  for  recording  7 -ski  11- level  training,  give 
It  to  the  trainee.  Otherw  ise.  keep  it  for  recording  the  UGT. 
.-\n  aimian  who  has  dual  qualification  or  one  who  is  in 
retraining. 

The  supervisor  must  review  each  revised  STS  to  determine  if 

new  JPGs  are  needed. 

lirase  the  circle  from  the  proHciency  code. 

Those  applicable  to  the  trainee's  duty  position. 

For  training  documentation. 

A  comprehensive  record  of  AFSC  oriented  training. 

You  should  have  an  *'X""  by  each  of  the  following:  b,  d.  e,  f. 

and  h. 

At  the  lowest  level  of  supervision  having  storage  facilities. 
To  continue  a  filled  section  of  AF  Form  623. 
If  the  airman  is  being  separated  or  retired;  also,  upon  an 
airman's  promotion  to  E-7.  provided  it  is  not  needed  as  an 
active  training  record. 

In  Section  U  when  the  trainee  goes  into  L'GT. 

Record  the  date  administered  in  column  C.  Section  IV.  AF 

Form  623. 

20  December  1978. 

Estimated  training  completion  date,  date  for  supervisory 
evaluation,  date  for  commander's  evaluation,  and  the  maximum 
training  date. 

a.  L 

b.  IV. 

c.  V. 

d.  V. 

Place  correction  tape  over  the  old  entry.  Enter  the  new 
information. 

The  immediate  supervisor  and  the  unit  OJT  manager. 
To  monitor  the  CDC  progress  of  a  trainee. 
Once  the  CDC  is  successfully  completed. 
Upon  issuance  of  the  first  volume  for  study. 
The  unit  OJT  manager. 

Special  task  qualifications  of  a  critical  nature,  selected  tasks 
requiring  training  or  evaluation,  and  tasks  in  which  the 
supervisor  relies  on  someone  else  to  validate  the  individual's 
qualifications. 

It  saves  the  time  it  would  take  to  screen  -entries  on  the  JPG  and 
AF  Form  623a. 

That  the  trainee  must  be  administered  bv)th  a  written  and 
practical  evaluation  for  certification  on  that  task. 
The  trainee  must  initial  to  indicate  awareness  and  agreements 
w  ith  the  applicable  entries. 
The  trainee's  grade  and  AFSC. 
That  the  entry  is  noncurrent. 


077  -  1.    a  III 

b.  V. 

c.  I. 

d.  IV 

e.  II. 

077  -  2.    To  prepare  airmen  for  noncommissioned  officer  status,  and  for 

positions  of  greater  responsibility. 

078  -  1.    To  motivate  your  trainees. 
078  -  2.     A  goal. 

078  -  3.    The  trainer  s  desire  to  teach. 

078  -  4.    Hy  responding  to  the  needs  oi  ihc  indiMdual. 

078  -  5.    a.  Success. 

b  Self-esteem. 

c.  Securii\. 

d.  Fnthusiasm. 

e.  Recognition. 
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CHAPTER  4 

That  most  accidents  can  be  prevented  before  thev  happen. 

To  reduce  accidents  through  the  Air  Force. 

If  unsafe  conditions  are  not  reponed  it  could  result  in  inefficient 

and  costly  operations. 

To  insure  that  corrective  action  is  t;iken. 

Safety  orientations. 
The  supcr\'isor. 

a.  X. 

b.  X. 

c.  X. 

d.  A  safety  bnefmg  should  bo  given  on  all  phases  of  the 
worker's  duties  at  least  once  a  week. 

e.  X. 

f.  All  jobs  should  be  explained  so  the  workers  understand  the 
proffer  procedures  for  doing  the  work. 

g.  X 

When  your  body  is  wet. 

Current.  100  milliamperes  (0. 1  ampere). 

Regard  all  circuits  as  being  live  until  opened,  tested,  and 
grounded . 

"X"  items  a.  d,  i .  j. 

Rubber  gloves,  rubber  blankets,  and  rubber  mats. 

The  circuit  may  become  accidentally  shorted  to  another  circuit. 

(1)  b. 

(2)  c. 

(3)  a. 

(4)  d. 

The  office  super\'isor  who  issues  an  AF  Form  269. 

Not  until  the  clearance,  with  the  numbers  corresponding  to  the 

numbers  on  all  red  and  yellow  tags  on  the  blocked  device,  has 

been  released. 

The  base  civil  engineer. 

None;  you  are  not  required  to  work  under  conditions  that  you 
feel  are  unsafe. 

Blocking  is  placing  a  switch  in  the  OPEN  or  CLOSED  position 
and  providing  a  means  to  which  the  switch  can't  be  accidentally 
changed . 

To  make  sure  unauthorized  persons  do  not  change  thi*  position 
of  the  switches. 

Tb*  actual  time  each  switching  operation  is  performed. 
Part  A. 

X  .  Use  a  screwdriver  to  drive  and  remove  screws  only. 

X  .  Store  cutting  tools  with  protective  sheaths  or  store 
separate  from  other  tools. 

2^ .  Use  a  hammer  to  hammer  a  rumed  pipe  union. 

X  .  Keep  the  blades  of  screwdrivers  ground  flat  and  never 
use  them  as  chisels. 

U.  Use  three-wire  extension  cords  with  three-wire 
equipment  cords  and  plug  them  into  a  grounded  receptacle. 

U.  Do  NOT  jerk  the  plug  from  a  receptacle.  Jerking  the 
cord  can  break  the  cord  wires  or  cause  the  connection  in  the 
plug  to  become  loose  and  may  cause  a  short  circuit. 
S. 

U.  Remove  dust  by  ventilation  before  operating  the  motor 
or  replace  the  motor  with  an  explosion-proof  type. 
S. 

U.  Tools  operated  on  110  volts  need  one  hoi  wire,  one 
neutral  (system  ground)  wire,  and  one  equipment  ground 
wire  in  their  cords. 
S. 

S. 

s. 


a. 
b. 

c. 

d. 
e. 
f. 


b. 
c. 

d. 
e. 

f. 
g- 


h. 

i. 

J- 
k. 


c.  U.  Use  a  brush  to  remove  metal  cuttings  from  machines. 

d.  S. 

e.  U.  Do  not  perform  maintenance  on  moving  machinery, 
f  S. 

g-  s. 

086  -  1.    a.  S. 

b.  U  -  Get  an  assistant  or  a  forklift. 

c.  U  -  You  may  lift  the  toolbox  by  yourself  but  bend  your 
knees  and  keep  your  back  straight. 

d.  U  -  Get  an  assistant  or  use  a  hoist. 


086 

087 


2.    c.  d.  b.  a.  e. 

i.  (I)  c. 

(2)  b. 

(3)  a. 

(4)  b. 


088  -  1. 


a. 
b. 

c. 

d. 


Yes. 
Yes. 

No.  Extend  an  extension  ladder  after  the  ladder  is  against 
the  structure. 
Yes. 
Yes. 


088 
089 


2.    Grasp  the  ladder  by  the  rungs  as  you  walk  toward  the  bottom. 


(i) 

(2) 


(3)  g. 

(4)  f 

(5)  b. 

(6)  a. 

(7)  c. 

089a  -  1 .  The  goal  of  the  hazardous  material  program  is  to  p-^event 
contaminating  water  supplies  or  the  environment  and  protecting 
personnel. 

089a  -  2.  Disposal  may  require  hazardous  waste  to  be  reclaimed, 
burned,  or  buried. 

3.  Sewers,  drains,  on  the  ground. 

4.  a.  Paint, 

b.  Solvent. 

c.  Oil. 

d.  Grease. 

e.  Detergent, 
f  Acid. 

g.    Insulation  compounds. 

A  liquid  is  covered  by  an  absorbent  material.  A  dry  spill  is 
covered  with  a  plastic  tarpaulin. 


089a 
089a 


089a 
090  - 


-  5. 


U.  The  eyes  must  be  immediately  flushed  and  given 
medical  aid  in  all  cases. 

U.  Breathing  the  vapors  may  result  in  respiratory  injury  so 

ventilation  is  necessary . 

S. 

S. 


091 


091 
09i 
091 


(1)  d, 

(2)  c. 

(3)  a. 

(4)  b. 

Water,  soda  acid,  and  foam. 
Foam  CO-,,  and  dry  chemicals. 
Dry  chemicals. 


092  -1. 


b.    U.  All  electrically  operated  machines  will  be  crounded. 


( 1 )  Mouth-to-mouth. 

(2)  Mouth-to-nose. 

(3)  Back-pressure-armlift. 

(4)  Back-pressure-hiplift. 

092  -  2.    No.  because  it  may  flex  the  neck,  causing  the  air  passages  to  be 
blocked. 

Provides  rapid  reoxygenation. 

Air  is  being  blown  in  the  stomach  instead  of  the  lungs. 
Until  natural  breathing  is  restored  or  until  a  physician  declares 
the  patient  dead. 

The  victim  may  have  a  facial  injury. 
Back-pressure-armlift  or  back-pressure-hiplift. 


092 
092 
092 

092 
092 


3. 
4. 

•  5. 

6. 
7. 
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092  -  8.  Back-pressure-hiplift 
093 


-  1 


(1) 
(2) 
(3) 
(4) 

(5) 


Evaluate  the  situation. 
Position  the  victim. 

Clear  the  victim's  throat  and  mouth  of  any  foreign  matter. 
Begin  mouth-to-mouth  resuscitation  simultaneously  with 
hean  massage. 
Continue  steps. 
093  -  ^     In  the  neck. 
093  -  3.  l5to2. 

093  -  4.    Until  you  get  medical  aid  or  until  rigor  monus  sets  in. 
093  -  5.    Sixty  times  per  minute. 

093  -  6.    Fractured  ribs,  injury  to  spleen,  liver,  or  other  organs. 

093  -  7.    To  prevent  pneumonia. 

094  -  1.  (1)  c. 

(2)  a. 

(3)  b. 

094  -  2.    To  help  slow  ^own  the  flow  of  blood. 
094  -  3.  (1)  Groin. 

(2)  Inner  side  of  the  upper  arm - 
094  -  4.    Applying  a  tourniquet. 

094  -  5.    A  physician. 

095  -1.    It  may  cause  bleeding  to  resume. 

095  -  2.    If  air  is  being  sucked  or  blown  out  of  the  chest  cavit\-.  the  air 
could  squeeze  and  collapse  the  lung. 


095  -  3. 
095  -4. 
095  -  5. 


096  -1. 


It  could  cause  infection  and  severe  shock. 

Because  of  the  many  blood  vessels  in  the  neck  area. 

Exen  pressure  on  the  cut  by  applying  a  sterile  dressing  to  the 

wound.  Next  bind  the  dressing  to  protect  the  wound.  Have  the 

person  lie  down.  Treat  for  shock. 

a.  X. 
b. 


097 
097 


097  -  3. 
097  -  4. 
097  -  5. 
097  -  6. 

097  -  7. 


Wet  the  victim  down  with  a  wet  cloth  but  don't  cool  him 
too  fast. 

The  body  temperature  will  be  normal. 
X. 

The  victim  should  get  a  couple  of  days  complete  rest  and 
stay  away  from  excessive  heat. 
X. 
X. 
X. 

i.    The  pupils  will  be  dilated. 

Shock  is  a  condition  of  great  weakness  of  the  body. 

By  doing  this  you  lessen  the  ch:inces  of  the  victim  falling  into  a 

state  of  severe  shock. 

This  will  help  to  prevent  choking,  should  the  victim  vomit. 
To  do  so  may  cause  the  pressure  to  drop. 
At  the  same  time  you  start  the  first  aid. 

Any  two  of  the  following  would  be  correct:  loss  of  blood, 
crushed  bones,  bone  fractures,  bums,  and  bullet  wounds. 
Yes, 
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The  two  ends  of  the  loop  are  connected  to  sHprings.  Two 
brushes  ride  on  the  sliprings.  By  rotating  the  loop,  a  current 
is  generated.  The  current,  in  turn,  is  transferred  by  the 
brushes  to  an  external  circuit.  You  now  have  an  elementary 
AC  generator. 

An  AC  generator  and  a  DC  generator,  then,  are  identical 
in  generating  voltage  by  use  of  the  rotating  loop.  If  the 
current  is  taken  from  the  loop  by  sliprings,  it  is  an 
alternating  current  and  the  generator  is  called  an  AC 
generator.  If  the  current  is  collected  from  a  commutator,  it 
is  direct  current  and  the  generator  is  called  a  DC  generator. 
You  will  find  that  AC  generators  are  normally  referred  to  as 
alternators. 

Exercises  (211): 

1.  What  machinery  supplies  mechanical  energy  to  a 
generator? 


2.  What  is  the  primary  difference  between  AC  and  DC 
generators? 


3.  How  is  a  magnetic  field  established  in  a  DC  generator? 


4.  In  what  position  is  the  rotating  loop,  in  relation  to  the 
magnetic  field,  to  produce  a  voltage? 


5.  What  is  used  to  deliver  voltage  from  the  commutator 
to  the  external  circuit  of  a  DC  generator? 


alike  but  are  constructed  differently.  They  operate  on  the 
principle  of  either  moving  conductors  across  a  magnetic 
field  or  moving  a  magnetic  field  across  the  conductors.  In 
either  case,  the  results  are  the  same.  However,  most  of  the 
AC  alternators  used  in  electrical  power  and  production  are 
designed  so  that  the  magnetic  field  is  moved  across  the 
conductors.  With  this  construction,  the  AC  output  is  taken 
directly  from  the  stationary  stator  coils.  Thus,  no  brushes  or 
sliprings  are  used  in  the  alternator  high  voltage  output,  but 
they  are  used  to  feed  relatively  low  DC  to  the  rotor  coils  to 
produce  the  magnetic  fields. 

Single-phase  alternator.  A  single-phase  alternator  is  the 
simplest  type.  Notice  the  schematic  wiring  diagram  of  the 
single-phase  alternator  in  figure  1-35.  As  shown  by  the  sine 
wave  in  the  diagram,  the  rotor  revolves  through  ore  full 
revolution  and  produces  one  cycle  of  alternating  current. 
The  first  half  revolution  of  the  rotor  produces  a  voltage  in 
one  direction  and  completes  the  first  half  of  the  cycle;  the 
second  half  revolution  produces  a  voltage  in  the  opposite 
direction  and  completes  the  last  half  of  the  cycle.  This 
alternator  will  produce  only  one  cycle  of  AC  voltage  during 
one  revolution  of  the  rotor.  Since  there  are  no  overlapping 
cycles  produced  by  the  alternator,  the  voltage  output  is  only 
single-phase. 

Three-phase  alternator.  The  output  of  the  three-phase 
alternator  can  be  used  to  operate  virtually  all  electrical 
equipment  at  any  Titan  missile  launch  complex.  For  this 
reason,  the  three-phase  alternator  is  most  commonly  used  in 
electrical  power  production.  While  the  output  of  this 
alternator  is  being  used  to  operate  three-phase  equipment, 
any  one  of  its  phases  can  be  used  simultaneously  to  opeiate 
single-phase  equipment. 

Figure  1-36,  a  wiring  diagram  of  the  three-phase 
alternator  shows  the  stator  fields  connected  in  pairs  to 
produce  a  three-phase  output.  As  the  rotor  turns  through 
one   revolution  each   phase   produces   one  cycle.  By 


6.  What  type  of  generator  uses  sliprings  and  brushes  to 
deliver  voltage  to  the  external  circuit? 


7.  What  type  of  generator  uses  a  commutator  to  collect 
current  from  the  rotating  loop? 


STATO« 


212.  Specify  the  characteristics  and  operation  of  single- 
and  three-phase  alternators. 

Alternators.  Almost  all  of  the  alternators  used  in 
electrical  power  production  by  the  Air  Force  are  of  the 
synchronous  type  with  rotating  fields  and  stationary 
armatures.  With  this  type  of  construction,  the  fields  are 
wound  on  rotor  poles  and  the  armature  coils  are  assembled 
inside  the  alternator  frame  to  form  a  stator  assembly. 

Types  of  alternators.  Generally  speaking,  alternators  are 
of  two  types — single-phase  and  three-phase.  They  all  look 
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Figure  1-35.  Schematic  of  a  single-phase  alternator. 
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overlapping  the  cycles,  as  shown  by  the  sine  wave,  the 
three-phase  alternator  produces  a  three-phase  voltage 
output. 

In  actual  construction,  the  rotor  pole  windings  of  an  AC 
alternator  are  electromagnets  whose  magnetic  strength  is 
controlled  by  the  amount  of  DC  voltage  applied  to  the 
brushes  and  sliprings.  An  increase  in  DC  voltage  applied  to 
the  brushes  and  sliprings  causes  an  increase  in  current 
through  the  rotor  pole  windings.  This  increase  in  current 
produces  a  stronger  magnetic  field  and  provides  a  greater 
AC  output.  On  the  other  hand,  when  less  DC  voltage  is 
applied  to  the  rotor  pole  windings,  the  alternator  will  have  a 
lower  AC  output. 

To  furnish  electric  current  for  exciting  the  rotor  pole 
windings  of  an  alternator,  a  source  of  direct  current  must  be 
provided.  This  current  is  produced  by  an  exciter.  The 
exciter  is  a  simple,  direct  current  generator  with  a  rotating 
armature  and  stationary  field  coils.  The  basic  components 
of  the  exciter  are  the  same  as  those  for  a  generator. 

As  the  rotor  of  a  three-phase  alternator  revolves,  each 
phase  delivers  voltage  in  a  given  sequence  according  to  the 
method  in  which  the  alternator  is  connected.  These  phase 
voltages  occur  120  electrical  degrees  apart.  That  is,  when  a 
cycle  is  started  in  a  given  direction  by  phase  one,  either 
phase  two  or  phase  three  must  start  a  cycle  in  the  same 
direction  120  electrical  degrees  later.  Also,  a  third  cycle 
must  be  started  in  the  same  direction  120  electrical  degrees 
after  the  start  of  the  second  cycle.  The  order  in  which  these 
cycles  are  generated  is  called  phase  rotation. 

Alternator  Output  Connections.  You  will  find  that 
there  are  two  methods  of  connecting  three-phase 
alternators.  These  are  the  DELTA  and  WYE  methods. 

Delta  connection.  With  the  delta  connection,  the  three 
alternator  phases  are  connected  together  as  you  see  in  figure 
1-37.  In  this  illustration,  each  coil  of  the  delta  represents 
one  phase  of  the  alternator.  The  voltage  between  any  two 
lines  is  the  same  as  the  voltage  of  the  coil  between  the  lines 
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Figure  1-37.  Delta  connection. 


(phase  voltage).  For  example,  if  2400  volts  were  generated 
in  each  phase  of  the  alternator,  the  voltage  between  any  pair 
of  the  three  lines  would  also  be  2400  volts. 

Wye  connection.  With  the  wye-connected  alternator,  the 
phases  are  connected  as  shown  in  figure  1-38,  In  this  type 
connection,  the  voltage  between  any  phase  line  and  neutral 
is  equal  to  alternator  phase  voltage — 2400  volts  in  this 
illustration.  The  voltage  between  any  two  of  these  phase 
lines,  however,  is  approximately  4160  volts. 

Exercises  (212): 

1.  Why  are  most  AC  alternators  designed  with  the 
magnetic  field  moving  inside  the  stator  coils? 


2.   How  is  DC  voltage  fed  into  the  rotor  coils? 


PHASE  A 


3.  How    many   revolutions   must   an  alternator-rotor 
complete  to  produce  one  cycle  of  AC  voltage? 


4.  How  many  revolutions  must  a  three-phase  alternator- 
rotor  complete  to  produce  three  separate  cycles  of  AC 
voltage? 


5 .   How  is  the  output  voltage  of  an  AC  alternator 
controlled? 


6.  What  is  the  purpose  ot  an  exciter  on  an  AC  alternator. 
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Figure  1-36.  Schematic  of  a  three-phase  alternator. 
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7.  What  is  the  purpose  of  phase  rotation? 


8.  What  alternator  connections  provide  2400  volts,  phase 
to  neutral? 


213.  Distinguish  between  primary  and  secondary  cells, 
and  specify  how  storage  batteries  are  constructed. 

Batteries.  A  battery  is  a  device  used  to  produce  a  voltage 
by  chemical  means.  When  such  a  source  of  voltage  is 


connected  to  a  closed  circuit,  chemical  energy  is  changed  to 
electrical  energy.  Other  than  generators,  chemical  action  is 
the  most  common  source  of  electrical  energy.  Today,  most 
of  us  use  batteries  in  some  way.  We  start  our  cars  and  play 
our  portable  radios  with  the  energy  from  a  battery.  We  use 
batteries  for  emergency  light  and  power,  for  alarm  circuits, 
and  for  the  operation  of  reays  and  other  devices. 

A  true  battery  is  made  up  of  units  called  cells.  The  terms 
**ceir'  and  **battery''  are  often  used  interchangeably.  All 
cells  are  divided  into  two  general  types — primary  and 
secondary.  Once  the  primary  cell  is  used  up,  it  is  useless. 
On  the  other  hand,  the  secondary  cell  may  be  recharged.  In 
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245.  Given  a  floor  plan  of  a  room  with  an  electrical 
circuit  shown,  translate  the  information  from  the  plan 
by  drawing  a  working  sketch  to  show  how  the  circuit 
should  be  connected. 

As  you  have  learned  thus  far,  the  information  provided  in 
the  floor  plan  of  a  blueprint  is  limited  to  what  circuits  are  to 
be  installed,  the  devices  that  will  be  in  the  circuits,  and 
where  they  are  located.  Circuit  diagrams  that  show  the 
actual  wiring  and  the  needed  connections  for  the  circuits  are 
not  provided  with  floor  plans.  Therefore,  before  you  can 
start  installing  the  circuits  and  components,  you  must  be 
able  to  translate  the  information  in  the  floor  plan  to  a 
working  sketch. 

Working  sketch.  A  working  sketch  is  a  drawing  or  sketch 
made  b_,  (he  electrician  before  starting  the  required  work.  It 
is  drawn  to  help  determine  what  size  boxes  will  be  needed, 
where  connections  will  be  required,  and  how  the 
connections  are  color  coded.  It  will  be  similar  to  the 
electrical  diagrams  discussed  previously  and  will  show  as 
much  detail  as  the  electrician  wants  to  use.  Most  of  the 
time  you  will  need  to  make  a  working  sketch  to  help  you  in 
the  installation  of  circuits.  Here  is  an  example  of  how  it  is 
done.  Figure  5-5  is  part  of  the  floor  plan  of  a  house  (in  this 
case  a  bedroom).  The  symbols  show  that  there  is  a  home 
run  (incoming  power)  to  a  lighting  outlet  in  the  ceiling,  near 
the  center  of  the  room.  It  also  shows  that  this  lighting  outlet 
is  controlled  by  a  switch  just  inside  the  door.  The  remaining 
symbols  shov/  a  duplex  receptacle  outlet  on  each  wall,  the 
first  one  being  fed  from  the  ceiling  outlet.  The  other  outlets 
arc  then  fed,  in  turn,  off  the  first  one.  All  circuit  runs  are 
shown  as  two  conductors  concealed  in  the  wall  or  ceiling. 

Now  that  we  know  what  the  floor  plan  shows,  let's  see 
what  it  does  not  show,  and  then  take  a  look  at  a  working 
sketch  to  see  how  it  helps.  First  of  all,  the  floor  plan  does 
not  show  the  circuit  connections  or  electrical  operation  as  a 
schematic  diagram  would.  There  is  nothing  in  the  drawing 
that  shows  where  splices  might  have  to  be  made  and. 


assuming  the  circuit  to  be  wired  with  cable,  there  is  no  way 
to  show  color  coding.  Figure  5-6  is  a  working  sketch  of  the 
floor  plan  shown  in  figure  5-5.  Several  things  have  been 
added  to  this  sketch  that  you  would  not  need  to  include  in  a 
sketch  of  your  own.  These  are  the  dotted  lines  that  represent 
boxes  and  the  heavy  lines  and  symbols  taken  from  the  floor 
plan.  They  have  been  included  here  simply  to  clear  up  a 
few  points.  The  required  equipment  grounds  have  been  left 
out  to  avoid  confusion. 

Your  first  step,  if  you  were  drawing  the  sketch,  would  to 
be  to  draw  the  symbols  that  represent  all  the  devices  that  are 
to  be  in  the  circuit.  They  should  be  drawn  in  sequence, 
starting  with  the  outlet  that  is  connected  to  the  home  run. 
Notice  that  the  ceiling  outlet  in  figure  5-5  has  the  home  run, 
a  switch,  and  a  receptacle  outlet  connected  o  it.  It  should 
be  drawn  so  thiat  it  is  nearest  the  power  source  in  your 
drawing.  The  outlet  will  also  serve  as  a  junction  box  where 
splices  in  the  wiring  will  be  made.  After  the  symbols  are 
drawn,  you  should  add  the  terminal  connections  that  are 
required  at  each  outlet.  The  sketch  in  figure  5-6  shows  these 
terminals  as  S  (silver)  and  G  (gold)  at  the  ceiling  light  and 
the  receptacle  outlets.  The  two  terminals  at  the  switch  are 
not  marked.  The  final  step  is  to  connect  the  wires  and  color 
code  them.  Start  these  connections  at  the  power  source.  The 
floor  plan  shows  two  wires  in  the  home  run.  One  will  be  the 
hot  (black)  wire;  the  other,  the  neutral  (white)  wire.  At  the 
ceiling  outlet,  the  hot  wire  will  need  to  be  spliced  to  provide 
power  to  the  switch  and  to  the  gold  terminal  on  the  light.  As 
you  can  see  from  the  sketch,  this  hot  wire  K:op  (switch  leg) 
has  both  a  white  and  a  black  wire.  The  white  wire  goes  from 
the  splice  to  the  switch ,  This  is  the  only  time  that  a  hot  wire 
can  be  white.  This  exception  is  allowed  by  the  NEC  when 
wiring  with  nonmetallic  sheathed  cable,  because  you  are 
limited  to  the  wire  colors  available  in  the  cable.  The  neutral 
wire  from  the  power  source  will  also  have  to  be  spliced  at 
the  ceiling  cutlet  to  provide  a  neutral  for  both  the  light  and 
the  receptacles.  The  neutral  is  connected  to  the  silver 
terminal  of  the  light  fixture  and  of  all  the  receptacles. 
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Figure  5-6.  Working  sketch, 
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Exercises  (245): 

1 .  Draw  a  working  sketch  of  the  circuit  shown  in  figure 
5-7.  Show  all  necessary'  splices,  terminal  connections, 
and  conductor  identification. 


Figure  5-7.  Floor  plan  (objective  245.  exercise  1 ). 


5-2.  Calculating  Power  Requirements 

Calculating  a  wiring  system  from  beginning  to  end 
requires  a  broad  knowledge  of  principles,  tools,  and 
techniques.  Your  main  concern  when  calculatiny.  a  wirinj 
installation  is  safety    Fleets'      safec^     •  vrs  tv  :c\ 
fire  -.j  electric  '  ^  -  .k..  i     r       b  •  >^  cess  n.  .  ...cuki  ng 
^ctni  ^.    .y  us.»*^  a  proven  standard  of  the 

astructi  .  iii^  ry.  The  standard  for  electrical 
construction  is  the  National  Electrical  Code,  (NEC) 
sponsored  by  the  National  Fire  Protection  Association. 

246.  Given  a  floor  plan  with  an  electrical  drawing, 
calculate  the  power  requirement  of  the  circuits  on  the 
plan. 

Calculating  Residential  Wiring.  T*^  aid  you  in  your 
study,  foldouts  1  and  2  are  provided  at  the  end  of  the 
volume.  Foldout  1  is  an  electrical  floor  plan  of  a  single 
dwelling;  foldout  2  is  an  electrical  floor  plan  of  an  industrial 
location.  Refer  to  the  foldouts  whenever  necessar>'. 

We  begin  our  calculating  lesson  using  foldout  1,  single 
dwelling.  The  loads  we  will  calculate  are  for  general 
lighting  circuits,  special-purpose  circuits,  and  the  power 
requirements  for  the  service  equipment. 


General  Lighting  Load.  The  general  lighting  load  is 
computed  on  the  watts- per-square-foot  basis.  NEC  220- 
2(b).  ''In  determining  !oad  on  the  watts  per  square  foot 
basis,  outside  dimensions  of  the  building  shall  be  used,  not 
including  open  porches,  garages,  nor  unfurnished  and 
unused  spaces  unless  adaptable  for  future  use.*"  m 
''unless  adaptable  for  future  use"  means  basemen'  iic 
v^f^diS  that  could  be  converted  to  bedrooms  or  re<.ication 
s  at  a  later  time. 
To  find  the  square  footage  on  foldout  1.  multiply  the 
length  times  the  width,  or  57  feet,  the  length  of  the  back 
wall,  times  28  feet,  the  width  of  the  dining  room  and  living 
room  wall.  The  total  is  1596  square  feet.  This  is  not  our 
total  figure.  Look  at  foldout  1  closely.  The  measurement 
we  made  was  a  square  that  extended  across  the  back  wall 
and  down  the  right  hand  wall.  We  cut  across  the  open 
porch,  through  the  closet  and  bedroom  1>  and  through 
bedroom  2.  We  need  the  remainder  of  the  bedroom 
measurements  and  one  additional  measurement  to  complete 
the  square  foot  calculation. 

Tlie  left-hand  wall,  or  outside  wall  of  bedrooms  2  and  3, 
is  32  feet  long.  This  is  4  feet  longer  than  the  right-hand  wall 
of  28  feet.  To  figure  this  area,  multiply  4  feet  times  the  27 
feet  along  the  front  of  the  dwelling  to  the  porch.  The  total  is 
108  square  feet.  We  add  this  figure  to  our  original  figure  of 
1596  square  feet,  equaling  1704  feet  overall.  We  are  almost 
finished,  only  one  more  area  to  go. 

Now  we  will  calculate  and  subtract  the  open  porch.  Our 
first  calculation  used  4  feet  of  this  area  from  the  doorway 
out  to  the  front  edge  of  the  living  room  wall.  To  find  the 
width  of  the  porch,  add  the  two  front  walls,  27  feet  plus  22 
feet,  equaling  49  feet.  Subtracting  49  feet  from  the  rear  wall 
of  57  feet  leaves  8  feet,  or  the  width  of  the  porch  area.  If  we 
subtract  the  32  square  feet  from  our  1704  square  feet 
overall,  we  find  the  total  square  footage  for  lighting  on 
foldout  1  at  1672  square  feet. 

NEC  table  220-2(b),  see  figure  5-8,  general  lighting 
loads  by  occupancies,  shows  the  unit  load  pe^  ^vnirv  .  iVvt 
for  dwellings  is  3  watts.  Foldout  1  has  16"^ 
Multiply  1672       3  watts,  th\v  equals  5,  .^s,  our 

t'-uc     lighting  load. 

NEC  220-3(d)  ''Watts  per-sqr  e-foot  loau  shall  be 
apportioned  evenly  among  bran:  circuits."  To  find  the 
number  of  lighting  branch  circui> ,  divide  5,016  watts  by 
115  volts.  This  figures  out  at  43.6  amps.  We  will  require 
three  lighting  circuits  on  foldout  1,  15  amps  each,  for  an 
evenly  distributed  load. 

Minimum  requirements  for  special  purpose  outlets.  We 
will  now  figure  the  minimum  requirements  for  special 
outlets  for  a  single  dwelling. 

a.  NEC  220-3(0,  requires  a  20-amp,  1500  watt 
dedicated  outlet  in  the  laundry.  You  can  see  this  outlet  on 
foldout  1 . 

b.  NEC  220-3(b)(2),  requires  two  or  more  20-amp  small 
appliance  branch  circuits  in  the  kitchen  and  dining  room. 
You  can  see  these  outlets  marked  A  and  B  '  >ldout  1. 
Each  circuit  is  required  to  have  a  1500  watts  capacity. 

c.  NEC  210-23,  allows  branch  circuits  to  be  installed  for 
specific  loads.  On  foldout  1  we  have  five  branch  circuits 
installed.  A  heater  in  each  bath,  a  dryer  in  the  laundry 
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Exercises  (273): 

I .  V/heii  does  a  short  exist? 


3.  What  is  indicated  if,  after  you  disconnect  all 
equipment  and  install  a  new  fuse,  the  fuse  does  not 
bum  out? 


2.  When  using  an  onmmeter  to  check  for  a  short,  what        4.   During   a   visual    inspection,   what   might   be  an 
does  infinity  reading  mean  after  checking  across  two  indication  of  shorted  wires? 

points? 


193      SS2  41 


EKLC 


ANSWERS  FOR  EXERCISES 
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- 1. 
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205  -  1 . 

^05  -  2. 
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Elements  are  known  as  the  building  blocks  of  ..ature. 

Matter  is  composed  of  very  small  units  called  molecules,  which 

are  made  up  of  atoms,  which  in  turn  are  made  up  of  panicles 

called  protons,  neutrons  and  electrons. 

To  water  flowing  through  a  pipe 

Water  is  composed  of  two  distinct  elements:  two  pans  of  the 
element  hydrogen  (H,)  and  one  pan  of  the  element  oxygen  (O), 
expressed  H,0. 

Compounds'can  be  separated  only  by  chemical  means,  and  a 
mixture  can  be  separated  by  physical  means. 
A  molecule. 
Atoms. 

Electrons  moving  or  flowing  through  a  conductor. 
Voltage  is  electrical  pressure. 

Heat,  magnetism,  chemical  action,  and  physical  force. 
Magnetism  and  heat. 

By  the  cross-sectional  area,  the  length,  and  temperature. 
The  oh'n. 

A  natural  magnet  is  a  black  mineral  ore  called  lodestone  or 
magnetite  exhibiting  magnetic  properties.  An  artificial  magnet 
is  made  of  iron  or  steel  magnetized  by  induction  from  some 
exterior  object. 

The  lines  connecting  the  direction  of  the  field  around  a  magnet 
from  pole  to  pole  are  called  lines  of  force. 

It  has  an  unstable  physical  structure  and  a  low  magnetic 
strength. 

Hard  steel  or  other  substance  that  has  the  same  characteristics. 
Hard  steel  vill  hold  its  magnetism  for  a  long  period  of  time. 
In  a  north-south  direction,  aligning  itself  with  the  earth's 
magnetic  field. 

The  field  of  stress  interacts,  causing  repulsion  or  attraction, 
depending  upon  the  polarity  of  the  poles. 

T. 

F.    All   forces   produced  by  magnetic  circuits  are  called 
magnetomotive  force.   Electromotive  force  is  the  pressure 
needed  to  produce  a  flow  of  electrons. 
T. 

F.  The  lines  of  force  are  concentrated  within  the  loop.  The  lines 

inside  the  loop  combine  as  they  cor.^e  together. 

T. 

Electrons  moving  in  one  direction  through  a  conductor. 
Electrons  moving  back  and  forth  through  a  conductor  at  a 
specific  interval. 

The  relationship  applies  to  any  circuit  or  pan  of  a  circuit;  the 
current  in  amperes  is  equal  to  the  EMF  in  volts  divided  by 
resistance  in  ohms. 


R 

E  = 

J  = 


90 

30  " 


3  ohms. 


I  X  R.  E  =  2  X  (7  +  5),  E  =  2  X  12,  E  =  24  volts 


24 


10  +  8-1-6 


.  I  = 


24 
24  ' 


i  =   1  amp. 


in  a  series  circuit,  the  relationship  is  as  follows: 

a.  The  total  resistance  is  the  sum  of  the  individual  resistors. 

b.  The  same  current  flows  in  each  pan  of  the  circuit. 

c.  The  applied  voltage  will  divide  among  the  resistors 
according  to  their  resistance. 
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209 
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207  -  1 . 


210  -  1. 


210 

-  2. 

210 

-  3. 

210 

-  4. 

210 

-  5. 

211 

-  1. 

21! 

-  2. 

211 

-  3. 

21! 

-  4. 

211 

-  5. 

211 

-  6. 

211 

-  7. 

6< 

The  first  step  should  be  to  reduce  the  two  parallel  resistors  B 
and  C  to  an  equivalent  single  resistance. 

In  a  parallel  circuit,  the  total  current  equals  the  sum  of  the 
current  in  the  branches. 

The  voltag'^  drop  would  be  computed  by  using  the  formula  E^  = 


Rj,  thus  3  X  10  =  30  volts  drop. 


A  series-parallel  circuit  should  be  reduced  to  an  equivalent, 
simplified  circuit.  Each  group  of  parallel  resistors  is  first 
replaced  by  its  equivalent  single  resistance,  and  the  entire 
circuit  is  then  treated  as  a  series  circuit. 

(1)  d. 

(2)  b. 

(3)  a. 

(4)  c. 

The  power  is  computed  with  the  formula  P  =  I^^R. 
120  watts. 

From  negative  to  positive. 

The  term  "hertz"  has  been  adopted  in  recognition  of  Heinrich 
Rudolph  Hertz,  a  German  physicist. 

(1)  i. 

(2)  a. 

(3)  k. 

(4)  b. 

(5)  e. 

(6)  h. 

(7)  d. 

(8)  f. 

(9)  c. 

(10)  c. 
(IDj. 
(12)1. 

The  current  flow  in  a  circuit  containing  resistance  only  is  the 
same,  regardless  of  whether  the  applied  voltage  is  AC  or  DC. 

(1)  c. 

(2)  a. 

(3)  b. 

(4)  e. 

(5)  d. 

When  the  circuit  consists  of  pure  resistance. 

When  the  current  and  voltage  are  out  of  phase  due  io  reactance 

in  the  circuit. 


n  r  true  power 
Power  factor  =  


apparent  power 
Pf  =  90.47  or  90.5  percent. 

Wattless  power  or  reactive  power  expressed  in  VARs. 
The  prime  mover. 

The  primary  difierence  is  the  method  by  which  the  current  is 
taken  from  the  machine. 

A  set  of  coils  acts  as  an  electromagnet  around  the  pole  pieces  to 

set  up  a  magnetic  field. 

The  rotating  loop  is  at  right  angle  to  the  field. 

Fixed  brushes  make  contact  with  the  copper  rings  to  conduct 

electricity  to  the  external  circuit. 

AC  generator. 

DC  generator. 
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212 
212 
212 

212 

212 


2. 
3. 
4. 
•  5. 

-  6. 

-  7- 


212  -  I.    The  AC  output  is  taken  direetly  from  the  stationary  s'ator  coils. 

Thus,  no  brushes  or  sliprings  arc  used  in  the  altematoi  high- 
voltage  output. 

Through  bi-ushes  and  sliprings. 
One  revolution. 
One  revolution. 

Output  voltage  is  controlled  by  the  amount  of  the  DC  voltage 
applied  to  the  rotor  pole  windings. 

An  exciter  is  used  to  furnish  electric  current  for  exciting  the 
rotor  pcle  windings.  It  consists  of  a  small  DC  generator. 
The  order  in  which  phase  voltages  are  prtxluced  in  a  3-pha.se 
alternator.  Regardless  of  placement,  each  phase  mu.st  be  120 
electrical  degrees  after  the  start  of  the  previous  phase. 
The  Wye  connected  alternator. 

The  primary  cell  can't  be  recharged;  the  secondar>'  cell  can. 
The  negative  plate  is  spongy  lead  and  the  positive  plate  is  lead 
peroxide. 

Sulfuric  acid  and  water  solution. 
Potassium  hydroxide  and  distilled  water. 

20  VAC. 

Instrument  transformers. 
Step  it  up. 

Buildup  and  collapse  of  the  current. 
Primary  winding.  secondar>'  winding,  and  an  iron  core- 
It  may  be  center-tapped. 

Transistors  and  vacuum  tubes  both  conduct  current  in  one 
direction  easier  than  in  the  other  direction. 
There  are  three  leads  on  a  normal  transistor.  The  center  lead  will 
always  be  the  base  lead. 

215  -  3.    When  a  high  voltage  gain  is  desired,  the  transistor  is  connected 

as  a  common  base  circuit. 

216  -  I.    The  ordinary  diode  is  a  two-element,  unilateral  conductor  and 

designed  for  current  to  flow  through  it  in  only  one  direction. 

2.  By  an  arrow  printed  on  the  side  of  the  diode. 

3.  An  SCR  will  conduct  only  if  a  voltage  or  current  pulse  is 
applied  to  the  gate  terminal.  It  will  continue  conduct  until  its 
input  voltage  drops  to  zero  or  changes  polarity,  or  its  output 
voltage  changes  p>olarity. 

4.  In  series. 

5.  A  Zener  diode  conducts  current  in  a  forward  direction  at  a  very 
low  voltage.  In  the  reverse  direction,  no  current  will  flow  until 
the  voltage  impressed  across  it  is  equal  to  the  Zener  voltage. 


212 

213 
213 

213 
213 

214 
214 
214 
214 
214 
214 

215 

215 


216 
216 


216 
216 


217 
217 


3. 
4. 

I. 

2. 
3. 
4. 
5. 
6. 

I. 

2. 


1.  T. 


F.  When  the  core  is  near  saturation,  it  only  requires  a  small 
change  in  the  bias  current  to  cause  a  large  change  in  the  load. 
217  -  3.    F.  If  the  AC  coil  is  the  bias  winding,  then  the  saturation  would 
be  impossible  to  control  over  to  the  AC  current  changing 
directions. 
217-4.  T. 

717-5.  F.  If  the  core  is  saturated,  then  the  bias  or  control  windings  will 
not  change  the  load  current  at  all.  To  vary  the  amplifier,  you 
need  some  room  for  adjustment. 


CHAPTER  2 


218  - 


1.  (I) 
(2) 
(3) 


(4)  m. 

(5)  c. 


(6)  e. 

(7)  d. 

(8)  f. 

(9)  c. 
(10)  j. 
(M)  k. 

(12)  I. 

(13)  g. 

(14)  a. 


219  - 

1.  (1) 

b. 

c. 

(J) 

a. 

(4) 

y> 

(5) 

d. 

(6) 

f. 

(7) 

e. 

(8) 

8- 

(9) 

a. 

( 10) 

c> 

(11) 

d 

(12) 

b. 

(13) 

d. 

( 14) 

f. 

(15) 

b. 

(Id) 

D. 

(17) 

C. 

(18) 

d. 

r  19) 

f 

(20) 

g. 

(21) 

g- 

(22) 

e. 

(23) 

d. 

(24) 

b. 

(I) 

1 . 

(2) 

d. 

(3) 

e. 

(4) 

a. 

(5) 

b. 

(6) 

c. 

220  -  1 .  Fish  tape.  It  is  used  to  pull  winch  line  or  rope  through  first;  then 

the  winch  line  or  rope  is  used  to  pull  the  conductors. 

220  -  2.  Folding  rule. 

220  -  3.  By  extending  the  metal  slide  at  one  end. 

220  -  4.  To  measure  the  diameter  of  a  wire  to  check  the  size. 

220  -  5.  To  eliminate  the  danger  of  electric  shock. 

220  -  6.  Reamer. 

220  -  7.  Make  sure  the  size  of  wire  being  stripped  is  not  larger  than  the 
slot.  If  you  don't,  the  wire  may  be  nicked  or  cut. 

1.  Electric  and  nonelectric. 

2.  Propane. 

3.  Soldering  copper. 

4.  In  watts. 

5.  To  absorb  heat  and  protect  components. 

1 .  Lead  and  tin. 

2.  The  solder  contains  60  percent  lead  and  40  percent  tin. 

3.  Rosin  flux. 

4.  It  must  be  tinned. 

■  5.  Clean  with  a  rosin  flux. 

■  6.  From  under  the  splice  or  joint. 

■  7.  Make  sure  enough  heat  is  used. 


221  - 
221  - 
221  - 
221  - 

221  - 

222  ■ 
222  - 
222  ■ 
222  ■ 
222  ■ 
222  ■ 
222  ■ 

223 
223 
223 
223 

223 

223 
223 
223 
223 

223 
223 


1.  T. 

2.  F.  By  a  key-type  gear  check. 

3.  T. 

4.  F.  The  spade  bit  does  not  have  a  screw  tip;  therefore,  pressure 
must  be  applied. 

5.  F.  You  musf  reduce  the  pressure  or  the  bit  will  splinter  the 
wood. 

6.  T. 

7.  T. 

8.  T. 

9.  F.  Several  types  of  blades  are  made  for  the  saber  saw  to  cut 
different  types  of  material. 

10.  T. 

■  II.  F.  Always  apply  steady,  even  pressure  and  hold  the  base  plate 
firmly  against  the  work. 


CHAPTER  3 

224  -  1 .    A  thin  rot'  of  hard  or  soft  drawn  metal  that  conducts  easily,  such 
as  copper  or  aluminum. 
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224 

A  bare  or  insulated  wire  or  gioup  of  wires  .   '  'nsulatcd  iVoni 

each  other,  which  is  suitable  for  earn  in ls  ciirrcnL 

\ 

.> . 

A  solid  conduciv  i  is  a  single  wire:  a  siraiulo<.l  conductor  is  :i 

group  of  single  wires  twisicJ  topctht  r. 

224 

4. 

Copper. 

224 

5 . 

No.  40.  »he  sm?!!cst.  to  No.  4-0.  the  largest. 

224 

6. 

N  »  ^  AWG. 

224 

7. 

They        izcd  nccording  to  cross-scciioniil  arc^i  unJ  wx-.  i! 

•  •<"  !    ••  i(>  CM '  iil,»r  fnils. 

224 

_ 

8. 

F-or  iicxil',  i\y. 

224 

- 

9. 

a.    TA-Ther:    "Ir^siu- .    '  asK'stos 

r,       « 'W-MojMiii''  .1.  1  neat-r<'sisrant  {ncrn>'>rviastu' 

224 

10 

■  Midu  !i  r .  in  i   tiJ  <i»  will  not  get  rid  of  heat  as  fast  as  those  in 

tree  ail . 

225 

1 . 

To  reduce  the  f^issibility  of  fire;  to  provide  physical  protection 

for  wire  tenninals.  splices,  and  electrical  devieesi  and  to  protect 

people  from  accident  shock,  bums,  or  pi.'ssiblc  electrocution. 

225 

2. 

Outlet  boxes  and  junction  boxes. 

225 

3. 

Another  outlet  box  is  used  to  mount  a  switch,  receptacle  outlec. 

or  lighlinc^.  fixture,  while  a  junction  t>ox  is  u    d  to  inclose 

connections  or  splices  betw   i  conductors. 

a.     1 . 

b.  T. 

.  T. 

c  F. 

F. 

225 

5. 

Handy. 

225  -  6-    Metal  and  insulating  material. 

225  -  7.    Boxes   are   galvanized,    enameled,    or   coated   with  other 

corrosion-resistant  material. 
225  -  8.    With  nonmetallic  wiring  methods,  such  as  nonnietallic  sheathed 

cable  or  rigid  ni'^metaUic  conduit. 
225  -  9.    A  prepunched  disk  that  can  be  knocked  cut  easily  so  that 

conduit  or  cable  connectors  can  be  installed. 
225  -  10.  A  prepunched  slotted  piece,  that  can  be  twisted  out  with  a 

screwdriver.  They  are  punched  in  boxes  with  built-in  cable 

clamps. 
225  -  1K(1)  e. 

(2)  d. 

(3)  e. 

(4)  b. 

(5)  c. 

(6)  d. 

(7)  e. 

225  -  12.  By  use  of  a  fixture  stud. 

225  -  13.  Conduit  can  be  connected  to  the  sides  of  the  boxes  as  well  as  to 
the  back. 

225  -  14.  A  pull  box  is  used  to  allow  conductors  to  be  pulled  through 
conduit  to  an  intermediate  point  in  the  circuit  and  then  to  the  end 
point  without  having  to  be  cut  and  spliced. 

225  -  15.  A  square  box. 

7.25  -  16.  Ganging  means  to  remove  one  side  from  two  device  boxes  and 
then  fasten  ihem  together  by  means  of  the  side  retaining  screws 
to  form  a  large  box  to  ipount  two  devices  side  by  side. 

225  -  17.  They  may  be  used  as  junction  boxes  or  for  switches  or 
receptacles  in  concealed  wiring. 

225  -  18.  A  round  box. 

225  —  19.  An  extension  ring  looks  similar  to  a  box  without  a  closed  back. 

It  has  a  narrow  flange  that  provides  a  seat  for  mounting  the 
extension  \o  a  box. 

225  -  20.  To  increase  box  capacity,  to  bring  the  edge  of  a  box  out  flush 
with  the  wall  surface  when  a  box  has  beenjnounted  too  deep, 
and  to  extend  the  edge  of  an  old  box  beyond  the  surface  of  a 
wall  to  permit  the  addition  of  surface  wiring. 


r  21.  By  using  rings  designed  to  extend  existing  boxes  flush  to  the 
new  wall.  They  arc  held  in  phice  by  long  screws  ain  through  the 
devices  and  rings  and  screwed  into  the  original  box  mounting 
holes. 

.^26  -  1.  T. 

:  v. 

iZU     S.  'X . 

2?6  -  4.  T. 

220-5.  T. 

22ft  -  ft.  T. 

226  -  7.  T. 

22ft  -  8.  T. 

226  -  9.  r. 

227  -  1.  i\\  a. 

(2)  h, 

(3)  b. 

(4)  c. 

(5)  d. 

(6)  e. 

(7)  e. 

(8)  j. 

(9)  f 
(10)  g. 


228  - 

1. 

To  conduct  and  disconnect  electrical  circuits  o.  componci>  s 

from  the  power  source. 

228  - 

2. 

Two  three-way  switches. 

228  - 

3. 

Two  three-way  switches  and  one  or  more  4-way  switches. 

depending  on  the  number  of  switching  locations  required. 

228  - 

4. 

Three. 

228  - 

5. 

In  a  switchbox  with  the  toggle  pointed  up  when  the  switch  is  on 

and  covered  with  a  switchplate. 

228  - 

6. 

Switches    are   rated   according    to   voltage   and  anip>crage 

capacities. 

228  - 

7. 

Four. 

228  - 

8. 

All  conductors  at  the  same  time. 

228  - 

9. 

SWD. 

228  - 

10. 

6'/2  feet. 

229  - 

1. 

A  receptacle  is  a  contact  device  installed  at  the  outlet  box  tor 

connecting  and  disconnecting  appliances,  tools,  etc. 

229  - 

2 

Attachment  plug. 

229  - 

3. 

A  heavy-duty  receptacle  is  ordered  for  a  specific  voltage. 

amperage,  and  number  of  ccnlacl  pins  required. 

229  - 

4. 

(1)  b. 

(2)  d. 

(3)  c. 

(4)  a. 

(5)  e. 

(6)  e. 


230 

-  1. 

Light  fixtures  are  classified  according  to  the  way  they  distribute 

light. 

230 

-  2. 

Direct,  semidirect.  general  diffuse,  semi-indirect,  and  indirect. 

230 

-  3. 

10-40  percent. 

230 

-  4. 

10-40  percent. 

230 

-  5. 

Indirect. 

230 

-  6. 

Indirect. 

231 

-  1. 

The  incandescent  lamp. 

231 

-  2. 

The  incandescent  lamp. 

231 

-  3. 

Mogul  socket. 

231 

-  4. 

The  medium  socket. 

231 

-  5. 

The  candelabra  and  intermediate  sockets. 

231 

-  6. 

At  least  an  80-watt  incandescent  lamp. 
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CHANGES  FOR  THE  TEXT:  VOLUME  3 
Pen-and-ink  Changes: 


Pa^C'Col  Subject  Linc(s) 

62R  20 

n3L  13 

113R  14 

116L  I3rrbot 

I36R  I2frbot 

I37L  bWbot 

I37R  23 
I43L  459-6 

I53L  9 

I58R  15 

1 73R  455  -  7 

456  -  2 

PaiRe  Changes: 

Remove  Pages  Insert  Pages 

119-120  119-120 
159-162  159-162 
173-174  173-175 


Correction 

Change  "ror''  to  ''U)r/' 
Change  '^change''  to  '^charge/' 
Change  **mat''  to  '^niap/' 

Change    Before  the''  to    Before  any  pipeline/* 

Delete  **measure/' 

Change  **3  159-4''  to  *\31S9'4." 

Change  **3  159-4"  to  **32S9-4.** 

Change      159-4"  to  *^12S9-4." 
Delete  **not," 

Change  **data  identifieation  number  (DIN)*'  to  ''DIN." 

Change  *'if"  to  "If,'* 

Change  "3159-4"  to  "31S9-4." 

Change  "315-4"  to  "31S9-4.'* 
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DRILL  A  HOLE   I  5/8  INCHES    IN  DIAMETER  JUST 
HAMMER  UNIT  IN       DEPTH    IS    CORRECT  WHEN  UNIT  IS 
FLUSH  WITH   PAVING.       SEALING    SHOULD   NOT  BE  NECES 


1  he  simplest  aiKl  best  method  ol  attaehmg  leads  to 
structures  and  obtaining  a  good  electrical  connection  is 
the  thermite  w  Ming  process.  Thermite  welding  is  a 
means  of  perm.  ntly  fastening  copper  conductors  to 
steel  or  iron  structures  or  lo  another  copper  conductor. 
Powdered  copper  oxide  and  aluminum  are  burned  lo 
provide  heat  and  molten  copper  1  he  molten  c(  pper 
Hows  over  the  conductor  and  the  structure,  pcrmancnth" 
welding  them  together.  Ihe  equipment  is  light  auvi 
portable,  and  no  outside  source  of  heat  or  pcnser  is 
required.  The  thermite  weld  furnace  must  be  of  the 
proper  si/e  for  the  pipe  and  wire  si/e  encountered. 
I'liderground  splices  are  adequately  insulated  by  three 
wraps  of  insulating  electrical  tape, 

I  he  completed  thermite  weld  and  exposed  copper  wire 
must  be  coated  with  a  thermite  weld  cap  filled  with 
mastic.  The  cap  must  not  be  installed  until  after  the  weld 
has  cooled  sufficiently  to  prevent  mastic  fri>m  melting  or 
burning. 

Kxercises  (447): 

1.  What  two  purposes  do  electrical  measurements  serve 
in  a  cathodie  protection  system? 


2.  When  should  a  record  of  struciure-to-soil  measure 
ments  be  Initiated'? 


3,  Which  is  the  most  important  measurement  made  in 
calhodie  protection? 


4,  What  two  test  mstruments  are  used  to  measure 

fiiiurc  4-19.  Plasuciosl  insert.  l  o 

cathodic  protection: 


two  types  of  stations  may  be  installed  for  potential-only  or 
potential-current  measurements.  Since  the  use  of  the  test 
stations  usually  requires  making  a  physical  disconnection 
between  the  anode  and  the  structure,  it  is  extremely 
important  to  insure  that  the  connection  is  properly  restored 
at  the  completion  of  the  testing.  Where  shorting  lugs  are 
used,  be  sure  that  the  nuts  or  screws  holding  the  lugsS  in 
place  are  firmly  snugged  down  and  that  a  good  metal-to- 
metal  contact  is  made.  Where  galvanic  anode^s  are 
involved,  test  leads  should  be  terminated  on  terminals. 

Since  cathodic  protection  systems  are  electrical  in 
nature,  it  is  important  that  the  current  be  allowed  to  flow 
where  it  is  needed  without  unnecessary  loss  or  restriction. 
The  two  usual  causes  of  loss  and  restriction  are  high- 
resistance  connections  and  poorly  insulated  connections. 
Connections  to  the  structure  will  be  thermite  welded  or 
brazed  and  then  insulated  from  the  electrolyte. 
Conductor  splicing  should  be  avoided  where  possible. 
Permanent  conductor  splices  will  be  done  by  thermite 
welding  or  crimped  pressure  connection  with  proper 
ratchet  tools. 


How  are  the  meters  listed  in  the  preceding  question 
connected? 


What  indicates  whether  or  not  the  structure  is 
adequately  protected? 


7.  What  do  sudden  changes  in  potential  indicate? 


What  could  give  you  an  erroneous  reading  when 
taking  structure-to-electrolyte  potential  readings? 
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9,  What  will  an  anodc-to-clcctrol\ ic  potential  indicate* 


10.  How  is  an  anodc-to-structurc  current  measurement 
made? 


11,  What  is  the  most  efficient  method  of  measuring 
struciure-to-electrolyte  potentials  under  pavement? 


12,  How  can  a  leak  in  a  pipeline  system  be  detected 
without  excavating  the  pipe? 


13,  What  is  provided  in  the  cathodic  protection  system 
to  make  the  electrical  measurements  more  con- 
venient? 


14,  What  are  the  two  methods  of  attaching  cond  uctors  to 
the  structure? 


15.  How  are  the  underground  thermite  welds  insulated 
from  the  electrolyte? 


448.  Describe  the  procedures  used  to  perform  resistivity 
tests. 

Resistivity.  The  ability  of  soil  or  water  to  conduct 
electricity  is  closely  related  to  the  rate  at  which  bui  ied  or 
immersed  structures  will  corrode.  The  lower  the 
resistance  to  current  flow,  the  higher  the  rate  of 
corrosion.  The  practical  measure  of  the  ability  of  a 
material  to  resist  the  flow  of  electricity  is  known  as 
resistivity.  Resistivity  is  defined  as  the  resistance  in  ohms 
between  opposite  faces  of  a  1 -centimeter  cube  of 
material.  The  basic  circuit  for  the  measurement  of  soil 
resistivity  is  shown  in  figure  4-20.  While  resistivity 
measurements  can  be  made  using  a  voltmeter  and 
ammeter  as  shown,  most  resistivity  measurements  are 
?nade  using  the  Vibroground  instrument. 

Soil  resistivity.  Soil  resistivity  is  found  by  measuring 
the  current  flow  through  a  specified  section  of  earth, 
determining  the  voltage  drop  across  all  or  part  of  the 
earth  under  test  and  using  these  measured  values  to 


calculate  the  resistivity  by  formula.  Figure 4-20  shows  the 
basic  circuit  used  for  this  determination.  The  resistivity 
(P)  is  calculated  from  the  formula: 

,K1I<„I"  '"'.■^-'^ 

Or 

V  -     P)l  Al^ 

A        pin  sp,icin,!:  in  Il-ci 

1<        instrnnK'ni  roailiuj!  m  uhnis 

The  formula  may  be  further  simplified  to: 

V  K  ]< 
Where 

K        191 A 

If  the  soil  pins  are  spaced  as  shown  in  table  4-5,  the  soil 
resistivity  is  simply  calculated  by  multiplying  the 
instrument  reading  by  K  from  the  table,  A  commonly 
used  pin  spacing  is  5  feet  so  that  K  =  1000,  This  calcula- 
tion will  give  the  average  soil  resistivity  down  to  a  depth 
about  equal  to  the  pin  spacing.  By  changing  the  pin 
spacing,  the  resistivity  to  other  depths  can  be  determined. 

Polarization  and  galvanic  effects  between  the  electrodes 
may  cause  errors  in  the  calculated  resistivity  when  only  one 
DC  measurement  is  made.  These  effects  may  be  eliminated 
by  reversing  the  DC  current  and  averaging  the  results  or  by 
using  an  AC  current  and  AC  measuring  equipment.  Earth 
resistivity  meters  use  alternating  current  for  this  reason. 
Figure  4-21  shows  how  the  instrument  is  connected  to  the 
field  soil  probes  or  pins.  The  Vibroground  instrument  reads 
directly  in  ohms. 

Water  resistivity.  Water  resistivity  is  usually  deter- 
mined by  calculation  from  its  inverse  characteristic, 
conductivity.  Conductivity  is  the  ability  of  a  material  to 
conduct  electricity  and  is  numerically  equal  to  the 
reciprocal  of  the  resistivity.  The  basic  unit  of  conductivity 
is  ohms  per  centimeter,  but  most  water  analyses  report 
conductivity  in  millionths  of  ohms  (or  micro  ohms)  per 
centimeter.  The  conductivity  of  every  domestic  water 
supply  used  by  the  Air  Force  is  reported  as  a  part  of  the 
annual  water  analysis  by  the  U,S,  Geological  Survey  for 
CONUS  installations  and  some  overseas  installations. 

Limitations  of  the  4-pin  method  can  be  overcome  by 
using  the  single  rod  probe  method  or  by  measuring  the 
resistivity  in  the  soil  box.  The  single  rod  probe  measures 
the  soil  resistance  between  two  electrodes  on  a  single 
probe.  It  will  measure  the  local  soil  resistivity  in  the 
immediate  vicinity  of  the  tip  of  the  probe  placed  into  the 
soil  or  liquid.  It  is  useful  for  obtaining  resistivities  of 
liquids  or  soil  resistivities  in  excavations  and  trenches. 
Similarly,  the  soil  box  method  measures  the  resistivity  of 
a  small  sample  of  electrolyte.  This  method  of  obtaining 
soil  resistivity  is  a  modification  of  the  4-pin  method 
applied  to  small  samples 
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Broken  Kan  Belt.  A  substitute  tan  belt  can  be  made 
from  a  small  rope  ort'roma  strand  ofa  larger  one.  loosen 
the  generator  and  apply  the  rope;  tie  the  ends  uith  a 
square  knot.  Then  tighten  the  generator  and  trim  the 
knot.  If  sulTicient  adjustment  is  available,  the  ends  of  the 
broken  belt  may  be  wired  together  as  a  temporary  repair. 

Cracked  or  Broken  Fuel  or  Oil  Line.  Break  the  line  and 
install  a  piece  of  hose  (from  the  windshield  vsiper  or  air 
horn)  over  the  ends.  If  this  makes  the  wiper  hose  too 
short,  plug  the  opening  to  the  engine  with  a  wood  plug. 
Another  temporary  repair  can  be  made  with  a  tight 
wrapping  of  tape  or  other  nonporous  material  secured 
with  closely  wrapped  wire  or  string. 

Wet  Ignition  System.  Wet  distribution  and  ignition 
system  components  may  be  dried  by  wiping  them  off  with 
a  clean  dry  cloth. 

Vehicle  Jump  Starts.  Follow  the  procedures  described 
below  in  making  jump  starts: 

a.  Make  sure  that  both  the  ''live"  and  the  "dead" 
batteries  have  the  same  rated  voltage  and  the  same  type  of 
electrical  ground  systems.  Check  this  by  looking  at  the 
battery  terminals.  The  terminal  marked  ''N". 
'*NEG",  or  "negative"  should  have  a  wire  running  to  the 
car's  frame  or  engine  block. 

b.  Make  sure  that  the  "dead"  batter}'  isn't  frozen. 
Electrical  current  from  a  live  battery  could  cause  the  dead 
one  to  explode,  either  from  too  much  pressure  or  from  a 
hydrogen  gas  detonation.  If  you're  not  sure  whether  the 
dead  battery  is  frozen  or  not,  our  advice  is  don't  try  to 
jump  start. 

c.  Bring  both  vehicles  close  together  but  not  touching; 
you  may  cause  sparks  or  short  circuit  the  good  battery  if 
they  touch  during  the  jump  start. 

d.  Keep  the ''booster"  vehicle  engine  running,  turn  off 
all  accessory  switches  in  the  *'dead"  vehicle,  set  both 
parking  brakes,  and  don't  stand  between  the  two  vehicles. 

e.  Remove  the  well  caps  from  both  batteries  to  provide 
adequate  ventilation  for  hydrogen  gas  generated  by  the 
battery;  cover  the  wells  of  each  battery  with  two  layers  of 
cioih.  (This  provides  better  dissipation  of  the  hydrogen 
gas  and  minimizes  danger  from  sparks.) 

/  Find  the ''positive"  terminal  of  both  batteries.  This 
will  be  marked  on  or  near  the  terminal  post  with  either  a 
*'P,"  **POS,"  "Positive,"  or  a"+"  mark.  Connect  one  cable 
clip  to  the  positive  terminal  of  the  live  battery  and  the 
other  clip  on  the  same  cable  to  the  positive  terminal  of  the 
dead  battery. 

g.  Connect  one  clip  to  the  live  battery's  negative 
terminal  and  the  other  end  of  the  cable  to  the  frame  of  the 
"dead"  vehicle  as  far  from  the  battery  as  cable  stretch  will 
allow .  This  will  help  prevent  any  sparks  from  igniting  the 
hydrogen  gas. 

h.  Start  the  "dead"cafs  engine  and  disconnect  the  two 
cables  in  reverse  order.  Remove  cloths  from  well  holes 
and  replace  vent  caps.  Aluminum  cables  get  very  hot 


during  a  jump  start,  so  allow  time  for  them  to  cool  before 
putting  them  away. 

Kxercises  (467): 

1.  State  the  proper  procedures  for  making  emergency 
repairs  for  the  following: 

a.  Broken  hvdraulic  brake  line. 


b.  Punctured  gas  tank. 


c.   Broken  fan  belt. 


d.  Vapor  lock. 


e.  Broken  fuel  line. 


f.   Wet  ignition. 


2.  When  jump-starting  two 
vehicles  touch? 


vehicles,  why  shouldn't 


Why  should  the  negative  side  of  jumper  cables  be  as 
far  away  from  the  battery  as  the  cable  will  allow? 


4.  After  the  "dead"  car's  engine  starts  (during  a  jump 
start),  how  must  the  battery  cables  be  disconnected? 


468.  State  precautions  and  requirements  for  operating 
the  aerial  bucket  truck  and  identify  particular  controls 
with  locations  and  functions. 

Operator  Safety.  Because  of  the  advanced  hydraulic 
design  and  built-in  safety  features  of  today's  bucket 
trucks,  very  little  training  or  skill  is  needed  to  safely 
operate  these  trucks.  However,  any  truck  used  to  lift 
personnel  is  dangerous  in  the  hands  of  careless  or 
untrained  operators.  Even  after  training,  in  many  cases, 
an  operator  has  admitted  being  aware  that  the  booms  or 
some  part  of  the  truck  were  not  operating  properly.  If, 
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when  iipcrating  the  hiujui.  you  scr^^o  iin\  thn.g  uillcicnl. 
such  as  hearing  noises  or  toehng  unusual  nun  ement. 
STOP  at  once  and  resolve  the  prohleni.  This  one  simple 
and  basic  caution,  it  heeded,  could  have  prevcnteti  niatiy 
ot  the  most  serious  bucket  *ruck  accidents.  It  is  strongU 
recommended  that  you  and  all  bucket  truck  operators 
follow  these  simple  rules  for  sate  operation  and  reduction 
of  *Mowntime"  from  damaged  equipment: 

a.   Allow    i>nl\    (.|ualified    opeiatvirs   to   operate  \hc 
controls. 

/>.  Operators  must  be  thoroughU  acquainted  with  the 
operating  instructions  and  limitaiivins  of  the  bucket 
truck. 

c.  1  ubricale  and  inspCxitne  truL  k  a  nd  attached  equip- 
ment at  regular  int.-rvals. 

J.  Allow  repairs  and  adjustments  to  be  made  only  b\ 
qualified  personnel. 

e.   Do  not  exceed  personnel  basket  weight  limitation. 

/'    Set  truck's  parking  brakes  before  operi*^  ng  booms. 

.1,'.  Check  the  complete  truck  and  attached  equipment 
for  visible  detects  or  loose  objects. 

h.  Check  insulated  boom  for  cleanliness  and  moisture 
before  operating  it  near  cnergi/cd  lines. 

/.  Do  not  operate  boom  unless  truck  is  on  solid 
ground  and  outriggers  are  extended  properlw 

/.  Be  sure  outrigger  lock  valves  are  closed  while 
operating  the  boom. 

A'.  Or^jrale  all  controls  slowly  for  smooth  bucket 
movements. 

L    Always  use  safety  belts  when  operating  the  bucket. 
m.  Try  to  avoid  maximum  outwartl  extension  of  the 
booms. 

n.  Do  not  allow  the  bucket  to  come  in  contact  with  a 
fixed  object;  set  in  cradle  only. 

The  preceding  material  rtoresenls  some  basic  safely 
rules  that  all  operators  should  follow  for  maximum  safe 
operation  of  the  buckellruck.  Remember  that  your  truck 
cannot  protect  or  service  itself.  It  is  up  to  the  operators  to 
insure  that  the  truck  slays  in  good  condition. 

Setting  Up  the  Truck.  Position  the  truck  so  that  the 
working  area  is  within  the  reach  of  the  booms.  If  the  truck 
is  positioned  on  a  sloping  surface,  locale  the  work  to 
avoid  extending  the  booms  to  their  maximum  reach  on 
the  downhill  side. 

Once  the  truck  is  in  position,  operators  perform  the 
following  steps: 

(1)  Engage  the  emergency  brake. 

(2)  Engage  power  take-off  in  accordance  with  the 
operation  and  maintenance  manual. 

(3)  Open  the  shuloff  valves  for  outriggers  located  at 
the  rear  of  the  truck. 

(4)  Hold  control  handle  in  the  down  position  and 
iower  the  outriggers  far  enough  to  raise  the  truck  body 
(not  rear  tires)  2  inches. 

(5)  After  all  outriggers  are  firmly  in  place,  close  all 
shuloff  valves. 

(6)  Unlatch  the  upper  boom  holddown  device  and 
remove  the  band;  then  pull  the  locking  pin  holding  the 
lower  boom.  (The  booms  of  the  truck  are  now  ready  for 
use.) 

Operation  of  the  Aerial  Basket.  The  operator  should 
mount  the  basket  and  put  on  the  safety  belt  while  insuring 


that  the  rider  does  the  same.  I  o  v)pcrate  the  booms.  \i)U 
must  press  the  trigger  on  the  underside  of  the  control 
head  handgrip.  If  \  lui  move  the  control  head  handle 
hori/ontally  (backw;u(.is  and  torward).  this  will  cause 
miucment  of  the  lc»wer  boom;  lorward  lii  raise, 
backward  to  lower.  It  \  ini  mn\e  the  handle  vertically (  up 
and  down),  this  will  cause  niovemciv.  ot  the  upper  boom: 
up  to  raise,  down  to  hnser  Isolation  ot  the  handgrip  will 
c  'use  rt)tatu>[i  v^!  the  luiiuahle.  A iiy  combinalii)n  ol  these 
movements  ma;,  be  used  at  tlie  same  time  tociirect  basket 
niovement  io  any  point.  No  movement  will  result  trom 
actuation  i^f  the  control  handle  unless  the  trigger  is 
depressed . 

CAU  1  ION  V>'hen  operating  the  aerial  basket.  fc»llow 
these  simple  rules; 

(1)  Always  press  the  trigger  on  the  handgrip  betore 
you  move  the  control  handle. 

(2)  Return  the  control  handle  to  the  neutral  position 
before  you  release  the  trigger  on  the  hcwulgrip. 

(3)  .Avoid  sudden  stops  or  reversal  of  rotation  when 
turning.  (  !  his  will  prevent  stress  on  the  turntable  which 
may  cause  damage  and  become  a  satety  hazard  to  the 
personnel  in  the  basket.) 

(4)  Before  any  rotation  of  the  booms  (left  or  right), 
raise  the  lower  boom  at  least  2  leet  above  its  cradle. 

.\u\iliary  (Secondary)  Control.  Ihree  hand-control 
levers  are  found  on  the  main  hydraulic  control  valve,  near 
the  base  of  the  lower  boom.  The.se  three  levers  control  the 
operation  of  all  the  basket  niovemen*s  from  the  ground. 
No  movement  of  the  booms  will  result  from  actuation  of 
the  levers  unless  you  have  depressed  the  auxiliary  palm 
switch  on  the  turntable  or  the  trigger  in  the  control  head 
handle. 

Folding  for  Travel.  The  booms  of  the  truck  must  be 
completely  sealed  in  their  cradles  with  no  tension  remain- 
ing on  the  main  boom  lifting  cable.  Always  make  sure 
that  the  upper  boom  holddown  device  and  the  lower 
boom  locking  pin  are  in  place  before  truck  movement.  If 
the  booms  are  allowed  to  bounce  in  the  cradles,  the 
insulated  plastic  becomes  cra/ed  and  shattered, 
eventually  allowing  the  boom  to  buckle. 

In  the  event  of  engine  or  hydraulic  system  failure,  the 
aerial  basket  may  be  returned  to  the  ground  level  by 
following  the  special  procedures  outlined  in  the 
operation  and  maintenance  manual.  Never  allow  anyone 
to  slide  down  the  boom  or  descend  by  the  use  of  a 
hand  line. 

Vehicle  Storage.  If  the  bucket  truck  is  stored  outdoors, 
you  must  protect  the  basket  from  the  weather  with  a 
waterproof  canvas  cover  when  the  basket  is  not  in  use. 
Remember,  this  basket  serves  to  help  insulate  the 
operator  from  energized  electrical  circuits  and  the 
ground.  Take  good  care  of  it. 

Exercises  (468): 

I.  What   precautions  should   be  observed   when  the 
bucket  truck  is  positioned  on  a  sloping  surface*^ 
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2.  Whai  inovcnicnl  dcvcU^ps  when  ihc  ci^alro!  hcail  haiuilo 
is  moved  forw  ard  w  ilh  ihc  iriiiecr  depressed? 


3.  List  five  safety  preeaulituis  \ihi  slu^uld  folli  w  when 
operating  the  bucket  truck. 


4.  Who  is  aUowed  to  operate  the  buck*,  i  liuck  ii;  ihe  Air 


5.  Where  arc  the  auxiliary  controls  located? 


469.  Clarify  particular  purposes,  precautions,  and 
operations  relating  to  the  line  maintenance  truck. 

Line  Truck.  The  line  truck  is  used  for  construction  and 
maintenance  of  electrical  distribution  lines.  Most  line 
trucks  have  a  compartmental  body,  a  po\ver-dri\en  winch, 
capstan,  tow  hooks,  a  booin,  and  body  support  jacks. 

Compartments .  There  are  bins  on  the  line  truck  for  your 
tools,  equipment,  and  materials.  Keep  each  item  in  its 
place.  You  should  carry  at  least  a  1-day  supply  of  hardware, 
such  as  bolts,  lag  screws,  connectors,  and  tape,  The 
equipment  needed  for  electric  line  work  will  alM)  be  stored 
on  the  line  truck. 

Power-driven  winch.  The  winch  is  operated  through  the 
truck  power  takeoff.  Most  line  trucks  have  two  winch 
drums.  One  is  located  in  front  and  the  other  is  tied  in  w  ith 
tlie  boom  operation.  Both  wiMch  drums  have  automatic 
brakes  which  prevent  them  from  turning  under  a  load  except 
when  the  truck  engine  is  running.  Do  not  exceed  the  load 
limitations  of  the  truck  and  winch  line.  The  manufacturer 
provides  a  load  capacity  chart.  The  winch  will  safely  lift 
15,000  pounds  with  the  cable  on  bare  drum  wrap  layer  and 
6,000  pounds  with  a  full  drum.  For  loads  that  are  less  than 
10,000  pounds,  1/2-inch  wire  rope  will  be  sufficient.  When 
lifting  loading  over  10,000  pounds,  use  5/8  IWRC  6x19 
VHS  cable.  Avoid  stacking  the  winch  line  and  jerking  the 
load. 

Boom.  The  boom  and  winch  are  used  to  raise  the  set,  pull 
and  lower  poles;  load  and  unload  poles  from  the  pole  trailer; 
and  load,  unload,  raise,  or  lower  pole  line  equipment  such 
as  transformers.  Read  and  understand  all  operating 
instructions  before  you  operate  the  boom  or  any  other  part 
of  the  truck.  The  operation  of  the  line  truck  can  be 
extremely  hazardous  if  you  don't  know  what  you  are  doing. 
All  winch  and  bom  operations  must  have  at  least  two 
persons — an  operator  and  a  spotter  who  give  signals. 

Position  the  truck  to  work  on  the  high  side  when  parked 
on  a  crown  or  slope.  Avoid  soft  ground  and  overhead 
obstructions.  Set  the  parking  brake.  To  engage  the  power 
takeoff  (PTO)  with  standard  transmission,  push  in  the 
clutch,  place  in  neutral,  engage  the  PTO,  and  release  the 


clutch.  To  ei\gage  the  P  TO  if  vtnir  truck  has  a  transfer  case, 
push  in  the  clutch,  put  tlie  iranster  ease  in  neutral,  and 
engage  the  F  TO.  Put  transmission  in  fourth  gear  and  let  out 
the  clutch. 

Never  operate  the  boom  without  the  jacks  di>\vn.  Tlic 
jacks  are  lowered  until  the  tires  are  almost  otf  the  ground. 
The  truck  bed  is  leveled  by  raising  the  high  .>idc  jacks. 
Level  tlie  truck  to  w  ithin  |S-pcrcenl  grade  iS for  htting 
ti>  pie  vent  boom  side  overloatl.  If  there  is  a  cjuestiou  about 
soft  ground,  hot  asphalt,  or  weak  pavement,  then  usv*  planks 
o\  sufficient  area  and  strength  uiKier  the  jack  pads.  St>me 
liLiLNs  are  cqiiip[K\I  with  a  s.ifciv  swiich  lhal  prcvcnls  b^>om 
operation  if  the  jacks  are  not  all  the  way  down.  Check  the 
operator's  manual  for  ox  crride  [Mi>cedures  if  they  become 
necessai*)'. 

Observe  the  following  precautions  when  operating  the 
boom: 

•  Do  not  operate  the  boom  when  winds  exceed  .^0  mph 
{26knots)- 

•  Do  not  operate  steel  booms  within  15  feet  of  energized 
overhead  lines . 

•  Do  not  pull  poles  out  of  ground  w  ith  den  ick  booms. 

•  Do  not  pull  side  loads  with  the  boom. 

•  When  dragging  poles,  line  up  boom  with  winch  cable. 

•  Do  not  pull  stumps  with  boom  and  winch  (use  a  pole 
jack). 

•  Do  not  rock  pole  with  boom  to  loosen  it  in  the  hole. 
C'djisian.  The  capstan  is  used  for  raising  loads  like 

traiisformeis.  pulling  slack  in  conductors,  or  holding  a 
strain.  lAVind  the  rope  on  the  capstan  in  a  clockwise 
direction,  as  shown  in  figure  7-16.  with  the  load  end  next  to 
the  truck.  Keep  the  direction  of  the  load  at  a  90"^  angle  to  the 
capstan  so  the  rope  will  not  climb  the  tlange  or  bind  at  the 
bums.  Var)'  the  number  of  turns  of  rope  from  three  to  six  or 
more,  depending  on  the  weight  of  the  load. 

The  capstan  turns  clockwise  to  raise  a  load,  and  it  stops 
for  lowering  heavy  loads.  To  pick  up  .i  load,  gradually 
increase  the  strain  on  the  free  end  of  the  rope  until  the  load 
is  being  reeled  in  at  the  desired  rate.  Lessen  the  strain  to 
slow  or  stop  the  load  pickup. 

Always  keep  the  free  end  of  the  rope  in  the  clear.  Do  not 
stand  on  the  free  end  or  allow  it  to  tangle  around  your  feet. 
A  wet  rope  sticks,  slips,  or  binds  and  makes  lowering  or 
holding  a  load  difficult.  An  oily  rope  slips  too  fast,  allow  ing 
a  load  to  lower  too  fast. 


(NOTE:  KEEP  DIRECTION  OF  LOAD  AT  90^  ANGLE) 


TF-06I 
Figure  7-16.  Capstan. 
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Exercises  (469): 

1 .  Name  three  items  of  equipment  found  on  the  line  tniek 
used  tor  construction  and  inaintenanee. 


2.  How  is  the  power  supplied  to  operate  the  line  tnick 
wineh  and  boom? 


3.  How  is  the  winch  drum  prevented  from  turning  under  a 

!uad? 


4.  The  boom  will  not  be  operated  when  winds  exceed 
 miles  per  hour. 


5 .  What  is  the  purpose  of  the  capstan  ? 


469a.  (475 — for  CE  feedback  reference  only).  Cite 
characteristics  and  operating  procedures  of  forklits. 

Forklifts.  On  most  forklifts,  the  lifting  and  tilting  action 
of  the  forks  is  powered  by  a  hydraulic  pressure  system.  This 
is  controlled  by  operating  levers.  The  lifting  capacity 
ranges  from  1 ,000  to  15,000  pounds.  The  lifting  capacity  is 
determined  by  the  center  of  gravity  of  the  load  in  relation  to 
the  position  of  the  forks.  The  weight  of  the  forklift  itself 
acts  as  a  counterbalance  for  the  weight  being  lifted. 

The  lifting  heights  range  from  100  to  210  inches.  These 
lifts  are  equipped  with  telescopic  masts  that  permit  loads  to 
be  lifted  beyond  the  heights  of  the  collapsed  mast  (mast  at 
its  minimum  height).  The  mast  may  be  tilted  forward  from 
the  vertical  position  3°  to  5°  and  rearward  about  10°. 

Figure  7- 16a  shows  a  forklift  and  some  of  the 
components  of  the  lit  assembly.  There  are  two  tilt  cylinders 
that  are  operated  by  hydraulic  pressure.  These  cylinders 
control  the  forward  and  aft  movement  of  the  forks  for 
tilting.  The  uprights  are  the  main  assemblies  to  which  the 
other  components  are  attached.  These  assemblies  include 
the  hoist  cylinder,  carriage,  load  safety  rack,  and  forks.  The 
hoist  cylinder  is  the  hydraulically  operated  control  for 
lifting  and  lowering  the  forks.  The  chain  and  carriage 
assemblies  assist  the  hydraulic  hoist  in  lifting  the  forks.  The 
forks  are  mounted  on  the  lift  carriage,  traveling  up  and 
down  with  it.  The  forks  on  this  particular  vehicle  have  to  be 
moved  sideways  or  laterally  by  hand  for  width  adjustment. 


Operation.  Approach  the  load  squarely  with  the  lifting 
forks  at  the  correct  height,  spread  as  wide  as  the  load 
permits,  and  spaced  equally  from  the  center  of  the  mast  to 
divide  the  load  evenly.  On  objects  of  unusual  shape  or  items 
that  are  heavier  on  one  end  than  the  other,  the  forks  may 
have  to  be  placed  to  one  side  of  the  load's  center.  Move 
forward  until  the  forks  are  completely  under  the  load. 
Before  lifting  the  load,  tih  the  mast  assembly  as  far 
backward  as  it  will  go.  As  soon  as  the  load  clears  the 
ground,  make  sure  that  it  is  balanced  and  not  apt  to  fall 
either  forward  or  sideways  during  normal  movenv^nt.  h 
may  be  ncccssar>'  to  set  the  load  down  and  reposition  the 
forklift  to  assure  balance  or  get  a  larger  forklift  to  control 
the  load.  Then  lift  the  load,  but  keep  it  close  to  the  floor 
while  carrying  it  to  its  new  location.  Always  travel  with  the 
forks  raised  from  2  to  4  inches  above  the  floor  or  ground. 
When  a  load  is  too  high  to  see  over,  travel  in  reverse.  Never 
use  reverse  gear  as  a  brake. 

Do  not  extend  your  hands  or  arms  through  the  mast  while 
the  forklift  is  in  operation.  Be  careful  not  to  wing  the  rear  of 
the  lift  into  other  objects.  If  yoi:  think  a  load  is  too  heavy  for 
either  the  lift  or  the  capacity  of  the  floor,  correct  the 
situation  before  moving  it.  Don't  let  anyone  ride  on  the 
forks  or  any  other  part  of  the  lit.  When  the  follow  another 
vehicle  in  a  work  area,  stay  at  least  three  lengths  behind  in 
case  your  load  should  topple  forward.  Check  overhead 
clearances  before  passing  through  doorways,  under  low 
beams,  pipes,  etc.  Avoid  driving  over  objects  or  holes  in 
the  floor,  and  slow  down  before  driving  over  thresholds  to 
prevent  toppling  the  load  or  losing  control  of  the  vehicle. 
Avoid  driving  close  to  the  edge  of  loading  docks.  Carry 
loads  on  pallets  whenever  possible.  If  the  load  is 
excessively  bulky  and  wide,  have  someone  else  check  for 
proper  clearance. 

Descend  steep  grades  in  reverse  to  prevent  the  load  from 
toppling.  Don't  make  sudden  stops  with  a  load.  Don't 
bump  or  push  stacks  with  the  lift  to  straighten  or  move  the 
stacks.  Use  general  driving  rules  for  inside  as  well  as 
outside  operations.  Keep  to  the  right,  stop  at  blind 
intersections,  and  use  horn  and  hand  signals.  Keep  your 
legs  within  the  sides  of  the  vehicle  when  it  is  moving. 
Serious  injuries  have  been  caused  when  a  driver's  legs  were 
caught  between  the  lift  and  obstacles  in  a  narrow  operating 
area.  Remember  that  you  must  watch  for  the  safety  of 
pedestrians  and  workers  in  your  area  of  operation.  You  are 
entirely  in  charge  of  your  vehicle.  Do  not  stack  empty 
pallets  higher  than  eye  level.  Do  not  leave  a  gasoline- 
powered  forklift  unattended  with  the  motor  running.  Not 
only  does  this  cause  excessive  wear  on  the  engine,  but  it 
cieates  excessive  carbon  monoxide  fumes  in  confined 
areas.  When  you  park  the  forklit,  lower  the  forks  until  they 
rest  on  the  floor  or  ground  and  set  the  handbrake. 

Exercises  (469a): 
1 .  What  determines  the  lifting  capacity  of  forklifts? 
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Figure  7-1 6a.  Forklift. 


2.   How  far  can  the  mast  be  tilted  forward  and  rearward? 


7.  How  should  steep  grades  be  descended  with  a  loaded 
forklift?  Why? 


3.  How  may  the  forks  be  moved  laterally? 


4.   How  do  you  lift  a  load  with  a  forklift? 


8.  What  should  you  do  when  you  leave  a  gasoline- 
powered  forklift  unattended? 


5.  How  high  should  the  forks  of  a  forklift  be  raised  when 
moving  a  load? 


6.  How  can  you  help  to  insure  safe  movement  when 
moving  forklift  loads  that  restrict  visibility? 


470.  "^^'^me  the  types  of  convoys;  state  their  advantage, 
disadvantages,  and  composition;  and  clarify  the 
scheduling  of  halts. 

Types  of  Convoys.  A  convoy  is  the  movement  of  a  group 
of  motor  vehicles  under  the  control  of  a  designated 
individual.  In  many  cases,  a  convoy  is  called  a  motor 
march.  These  two  terms  mean  the  same  thing.  Its  purpose  is 
to  make  it  easier  to  coordinate  the  movement  of  personnel 
and  material. 
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rhero  arc  three  kinds  of  comoys:  normal  convoys, 
hazardous  eonvoys,  and  convoys  transporting  chissified 
equipment.  The  nomial  convoy  is  made  uj)  of  genera! 
puqHxse  vehicles  that  can  maintain  normal  speeds  on  the 
highway.  Hazardous  convoys  are  made  up  of  large,  bulky 
motorized  equipment  which  is  too  wide,  long,  or  slow  to 
travel  at  normal  highway  speeds.  Convoys  transporting 
cla,ssined  equipment  may  have  normal  convoy  vehicles  c^r 
hazardous  convoy  vehicles  such  as  missile  hauling  trailers, 
Mo,st  of  the  time,  convoys  with  classified  equipment  are 
small  and  have  only  one  transport  vehicle  with  ihe 
necessar)'  escorts. 

Tb  V  types  of  marches  may  be  used:  close  column,  open 
coll;  .n,  and  infiltration.  The  difference  between  these 
marches  is  mostly  vehicle  spacing.  Densities  and  speeds 
will  var)'  with  such  factors  as  weather,  tactical  situations, 
enemy  capability,  condition,  and  type  of  road,  vehicular 
maintenance,  ynd  types  of  vehicle. 

Close  column  march.  Clo,se  column  march  formations 
are  used  when  in  blackout  conditions  or  in  congested  areas. 
Elements  of  the  march  are  grouped  as  compactly  as  possible 
to  reduce  road  space  to  a  minimum.  Vehicles  in  clo,se 
column  follow  each  oher  at  the  minimum  distance  which 
safety,  traffic  conditions,  and  the  tactical  situation  will 
permit.  For  planning  purposes,  figure  that  vehicles  move  at 
a  rate  of  10  miles  in  the  hourC'in  the  hour''  refers  to 
distance  covered  and  not  miles  per  hour  speedometer 
readings)  with  a  density  of  67  vehicles  per  mile  of  road. 

The  advantage  of  the  close  column  march  is  the  full 
traftlc  capacity  of  the  road  or  traffic  and  that  can  be  used, 
since  road  space  is  reduced  to  the  minimum  required  for 
safe  driving.  Column  control  and  inlracolumn 
communications  are  better,  and  fewer  guides,  escorts,  and 
markers  are  needed. 

Some  of  the  disadvantages  are  that  close  column 
formations  do  not  provide  dispersion  for  passive  protection 
against  enemy  observation  and  attack.  The  strength  and 
type  of  organization  are  readily  apparent  to  hostile 
observation.  Vehicles  may  arrive  at  loading  and  unloading 
terminals  more  rapidly  than  they  can  be  handled.  Careful 
scheduling  and  rigid  control  of  traffic  are  necessary  to  avoid 


blocking  intersections.  Greater  driver  fatigue  is  generally 
experienced  in  close  column  than  in  other  marches.  Use  of 
!he  highways  by  other  traffic  is  severely  limited. 

Open  column  march.  An  open  column  march  is  u.sed 
during  daylight  moves  most  of  the  time.  The  distance 
between  elements  is  increased  to  gain  a  greater  degree  of 
protection  from  hostile  action  and  to  allow  other  tratTic  to 
u.se  the  iiighway  at  the  same  time.  For  planning  purjx>ses. 
figure  that  vehicles  will  move  at  a  rate  of  15  miles  in  the 
hour  with  a  density  of  20  vehicles  per  mile  of  roadv.'ay. 

The  advantages  of  open  column  formation  is  that  they 
offer  >,ome  passive  protet'tion  from  enemy  observation  and 
action,  allow  greater  speeds  with  more  safety,  permit 
greater  fiexibility  in  moves,  and  reduce  driver  fatigue. 

The  disadvantages  of  open  column  formations  are  the 
diificulty  in  commanding  and  controlling  them.  Abnormal 
gaps  make  it  hard  for  drivers  to  maintain  prescribed 
spacing.  Open  column  formations  also  peniiit  less  tratTic 
volume  on  a  road  than  more  compact  formations.  In 
comparison  with  filtration,  open  columns  have  less  secrecy 
and  are  not  as  well  adapted  to  passive  defense. 

Infiltration,  Infiltration  is  used  when  maximum  secrecy, 
deception,  and  dispersion  are  needed.  Thir;  type  of 
movement  involves  the  dispatch  of  vehicles  to  a 
predetermined  destination  over  one  or  more  routes 
individually  or  in  small  groups  at  irregular  intervals  and  ai 
irregular  rates  of  march.  To  an  ob,ser\'er,  an  infiltration 
move  looks  like  ordinary  casual  traffic.  Vehicles  should 
normally  be  dispatched  so  as  to  produce  an  average  density 
not  to  exceed  eight  units  per  hour.  It  is  suitable  for  daylight 
moves,  movement  in  congested  areas,  and  on  routes  which 
cross  heavily  traveled  roads. 

Advantages  of  infiltration  type  marches  are  that  they  give 
the  best  possible  defense  against  hostile  observation  and 
attack.  Under  light  traffic  conditions,  movement  of  the 
individual  vehicle  is  not  materially  affected  by  other 
vehicles  in  the  move  but  is  linaied  only  by  orders,  road 
capability,  vehicle  mobility,  and  the  training,  experience, 
and  physical  condition  of  the  drivers.  Higher  speeds  by 
individual    vehicles   may   be   used   with    this   type  of 
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Partial  protection  and  may  indicate  that  the  leads  to  one  or  more 
anodes  are  broken,  or  the  amxles  are  used  up. 
There  is  a  leak  on  the  structure. 

Conduct  coating  conductance  tests  and/or  Pearson  type  over- 
Ihc-ground  holiday  detector  tests.  To  fix  the  fault,  excavate  the 
line  and  patch  the  coating  or  install  additional  anodes. 
Follow  the  flow  of  electricity  through  the  unit. 
Turn  off  the  rectifier  by  throwing  the  AC  circuit  breaker  and  the 
outside  disconnect  switch. 

The  stacks  may  be  defective  and  .should  be  checked  for  op>ens  or 
shorts. 

Gas  blockaee  or  dry  soil;  or  the  anodes  may  need  to  be 
replaced. 

Blown  fuses,  loose  lerminiils.  lightning  damage,  faulty  meters, 
and  open  circuit  breakers. 

Check  for  shorts  or  overloads  and  repair  damaged  components. 

CHAPTER  5 

T. 
T. 

F.  The  signal  may  be  audible,  visual,  or  a  combination. 
F.  They  may  be  coded  or  uncodcd. 
T. 

F.  They  are  to  notify  the  ocv  pants  to  evacuate. 
T. 

Power  source,  pull  station,  circuit  conductors,  and  bells. 
Closing  a  switch,  completing  a  current  path  through  the  bell 
circuit. 

To  warn  personnel  when  operating  capability  is  lost. 
Batteries. 

Simulates  an  alarm  activation. 

Varying  the  current  flow  through  a  network  of  circuits. 
Switch. 

The  contacis  op>en. 

The  major  command. 
No.  14  .WVG, 
Conduit,  raceway. 
Line. 
4'/i. 
Recess. 

Maintenance;  troubleshooting. 
AFR  92-1. 

Wiring  and  equipment  schematic  diagrams,  as-built  drawings, 
manufacturers'  technical  data,  and  system  revision  information. 
.  Visual;  operational. 
.  At  the  termination  jxjints. 
.  Break  the  circuit  electrically  in  half. 
.  The  same  type  as  removed. 

To  give  the  earliest  jxissible  notice  of  an  attempted  intrusion. 
Control  unit  and  its  sensor  compKinents,  and  the  monitor  and 
display  equipment. 
Within  the  protected  structure. 
Battery  p)ower  will  automatically  switch  over. 
Secure.  Access.  Test/Reset. 
Motion  sensor. 

The  status  of  the  monitor  cabinet  power. 
.Status  monitor  module. 

20  VDC. 

A  rise  in  ohmic  valve  in  the  circuit. 
It  produces  metal  shavings. 

Covers  will  be  secured  with  a  tamper  switch,  by  lack  welding, 
brazing,  orepoxy  filling,  or  provided  with  twist-off  screws. 
Power  conductors  NO.  14  AWG;  low  voltage  conductors  NO. 
22  AWG. 


455  -  6.    The  diagram  should  show  the  complete  system,  be  marked 
Confidental,  and  placed  in  an  appropriate  container. 
7.    T.O.  series  3159-4 
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456  -1. 
456  -  2. 
45t->  -  3. 

456  -  4. 
456  -  5. 
456  -  6. 
456  -  7. 
456  -  8. 


457 
457 
457 
457 
457 
457 

45K 
458 
458 
458 
458 
458 
458 

459 
459 
459  ■ 
459 

459 
459 
459 
459 
459 


-  3. 

-  4. 

-  5. 

-  6. 

-  1. 
_  2. 
~  3. 

-  4. 

-  5. 

-  6. 

-  7. 

-  1. 

-  2. 

-  3. 

-  4. 

5. 
6. 
1. 
8. 
9. 


For  their  own  protection. 
T.O.  scries  315-4. 

To  indicate  which  group  of  sensors  prinressed  an  alarm 
condition. 

An  alarm  reading  of  20  VDC;  no  aiami  reading  is  0  VDC. 
Minimum  of  19  VDC  to  maximum  of  21  VDC. 
Replacement. 

To  bring  the  system  back  on  line  as  soon  as  possible. 
Tag  your  conductors. 

CHAPTER  6 
X. 

X 


459 
459 


Medical;  dental. 
Mental;  physical. 
Broken  in. 

Dry  footwear;  massage. 
Salt. 

Exercise. 
Training. 

Deserts  arc  more  often  made  up  of  riKk  and  scrub  vegetation. 
X. 
X. 

Shoes  should  be  thick  and  sturdy  to  protect  from  rocks  and 
thorns. 
X. 
X 
X. 
X 

Footwear  should  be  made  up  of  layers  of  clothing  and  should 
not  bind  or  restrict  circulation. 

459  -  10.  Blood  feeding  insect.s  are  a  problem  in  anic  areas  in  the  summer 
only. 

11.  X. 

12.  Trench  foot  is  more  of  a  problem  in  arctic  summers  than 
winters. 

460  -  1.    An  '*X"  should  be  placed  by  b.  d.  e.  f.  and  g. 

461-1.  True. 

461  -  2.  True. 
461  -  3.  True. 
461  -  4.  True. 

461  -  5.  False. 

CHAPTER  7 

462  -  1 .    An  **X"  should  be  placed  by  a  and  d. 

462  -  2.    An  "X'*  should  be  placed  by  c. 

463  -  1 .    a.    Knob  and  tube:  A  positive  and  negative  conductor  bus  run 

in  an  overhead  space  with  the  conductors  supp>oned  on 
porcelain  split  insulators. 

b.  Twisted  wire  and  cleats:  Adaptation  of  knob  and  tube  with 
a  twisted  pair  of  wires  separated  for  bus  laps  by  ceramic 
cleats. 

c.  Ground  return,  single  wire:  The  earth  is  used  us  the  neutral. 

a.  Twisted  wire  and  cleats. 

b.  Knob  and  tube. 

c.  Ground  return,  single  wire. 

Most  foreign  systems  have  not  been  installed  in  accordance 
with  the  NEC.  This  is  atti  ibuted  largely  to  material  shortages. 
Convened;  mod  inefficiently. 

The  electrician  or  unit  commander  may  use  foreign  equipment 
which  may  be  difficult  to  obtain  or  they  may  modify  standard 
U.S.  equipment  to  use  with  the  foreign  system. 


463  -  2. 


464  -1. 

464  -  2. 
464  -  3. 
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464  -  4     Both  lamp  and  ballitst  life  will  be  shortened. 

464  -  5.    Obtain  a  tVcqucney  ehanger  tu  use  witli  receiving  transmitting 

equipment.  The  only  time  this  equipment  should  be  used 
without  a  changer  is  in  i»n  emergcney  as  it  will  not  operate 
satisfactor>' either  below  or  above  the  rated  frequency. 
46-t  -  6.    A  speeial  joint  eonip<iund  must  be  applied  to  ail  connections  or 
joints. 

465  -  1 .    A  walkaround  inspection  for  the  general  condition  of  the  taiek. 
465  -  2.    Leaks  of  oil.  fuel,  hydraulic  tluid.  water,  antifreeze,  or  brake 

Huid. 

465  -  3,    Cuts.  wear,  direction  of  rotation,  and  proper  intlation. 

465  -  4.  Familiarize  yourself  with  the  liKation  of  the  gauges,  adjust  the 
scat  and  mirror,  and  fasten  the  seal  belt.  Place  the  transmission 
in  neutral  with  the  clutch  di.^cngagcd.  scl  the  biv.Kc.  and  turn  Ihc 
ignition  to  start. 

465  -  5.    The  oil  pressure  gauge  or  light. 

465  -  6.    To  allow  the  transmission  fluid  to  circulate. 

465  -  7.    To  remove  condensation. 

465  -  8.    3/4  tank;  to  reduce  condensation  and  to  have  enough  in  case  of 

an  emergency. 
465  -  9.    Park  or  reverse. 
465  -  10.  Hydraulics. 

465  -11.  Lay  the  forks  flat  on  the  ground. 

466-  L  Flats  on  inside  duals  can  be  changed  by  using  a  2-inch  block 
under  the  inflated  tire  to  raise  ihe  vehicle.  BkKk  the  axle  and 
dig  the  dirt  out  from  the  blocked  tire, 

466  -  2.    First,  try  digging  the  soil  from  in  front  of  the  wheel  with  a 

shovel,  mattock,  axe.  or  pick.  If  that  proves  unsuccessful, 
obtain  a  log  or  piece  of  heavy  timber  long  enough  to  reach 
across  the  hole  in  front  of  ti  e  wheel.  Fasten  the  log  to  the  wheel 
with  a  chain.  Apply  power  to  the  wheel;  when  the  wheel  pulls 
out  of  the  hole  have  someone  fill  the  hole  with  rock  or  other 
suitable  material. 

Back  up  the  vehicle  until  the  A-frame  is  upright. 
Use  of  a  properly  fastened  tow  bar;  or.  if  not  available  tie  front 
bumper  of  towed  vehicle  tightly  to  the  rear  of  the  towing 
vehicle. 
Skid;  timber. 

(1)  Single  line  straight  pull.  (2)  The  one  using  both  the  spreader 
bar  and  the  snatch  block. 

-  7.  The  shear  pin  will  break,  or  the  brake  lining  will  be  needlessly 
worn, 

-  8.  Fasten  a  rope  between  the  duals  on  one  side  of  the  truck  and 
those  on  the  opposite  side.  Fasten  the  ends  to  anchor.  When 
power  is  applied  to  the  wheels,  the  rope  winds  up  between  the 
duals  to  exert  a  pull. 

9.  Use   roads  where   your   vehicle   is  concealed   by  natural 
vegetation;  avoid  dusty  roads. 

10.  To  prevent  changes  or  markings,  such  as  tire  tracks,  that  would 
be  readily  apparent  to  the  enemy. 

467  -  1 .    a.    Hammer  the  broken  line  flat  between  the  break  and  the  line 

to  the  other  wheel;  or  on  a  broken  hose  fold  the  end  over 
and  twist  a  wire  around  it  tightly. 

b.  Plug  the  purpeture  with  soap  or  a  stick. 

c.  Loosen  the  generator  and  tie  a  small  rope  or  a  strand  from  a 
larger  rope  around  the  pulleys.  Sometimes  the  ends  of  the 
broken  belt  can  be  wired  together. 

d.  If  it  occurs  softly  after  a  stop,  pour  cold  water  over  the  fuel 
pump  and  fuel  line;  if  water  is  not  available,  open  the  hood 
and  let  the  engine  cool.  If  it  occurs  while  the  vehicle  is  in 
operation,  use  a  wet  rag  and  wrap  it  around  the  fuel  pump 
and  sediment  bowl. 

e.  Break  the  line  and  install  a  piece  of  hose  from  the 
windshield  wiper  or  air  horn  over  the  two  ends;  an  alternate 
method  is  to  wrap  the  broken  line  tightly  with  plastic  ta^-K: 
or  other  nonporous  material,  secured  with  closely  wrapped 
wire  or  string. 

f.  Wipe  off  carefully  all  wiring  and  distributor,  including 
inside  cap  and  rotor. 

467  -  2.    It  may  cause  sparks  or  short  out  the  good  battery. 


466 
466 


466 
466 

466 

466 

466 
466 


3. 
4. 


467 

467 

468 

468 
468 


468 
468 


3.  To  prevent  sparks  from  ignitinu  hydrogen  gas  from  the 
batteries. 

4.  In  the  reverse  order  from  the  way  originally  connected. 


469  -  1 . 
469  -  2. 
469  -  3. 


469  - 
469  - 

469a 

469a 

469a 
469a 


469a 
469a 
469a 
469a  - 


470  -  L 


470  -  2. 
470  -  3. 
470  -  4. 

470  -  ^ 


470  -  6. 


470  -  7. 


471 
471 


471-3. 
471  -  4. 


On  a  sloping  surface.  liKaic  the  work  to  iwokl  extending  the 
bixmis  to  their  maximum  reach  ont  he  downhill  side. 
The  lower  boom  will  rise. 

( 1 )  Set  tnick's  parking  brake  before  operating  boom. 

(2)  Set  outriggers. 

(3)  Use  safety  belts. 

(4)  Close  outrigger  kKk  valves  before  operating  boom. 

(5)  Operate  controls  slowly  and  smoothly. 
Qualified  operators  only. 

At  the  main  hydraulic  control  valve  near  the  base  of  the  lower 
lxK)m. 

A  boom,  a  winch,  and  a  capstan. 

A  pinvcr  takeoff  from  the  line  truck  engmc  supplies  the  power. 
It  is  equipped  with  an  automatic  brake  to  prevent  turning  under 
load  except  when  the  truck  engine  turns  it. 
30. 

It  is  used  for  raising  loads. 

The  lifting  capacity  is  determined  by  the  center  of  gravity  of 
the  load  in  relation  to  the  position  of  the  forks. 

The  mast  may  be  tilted  forward  from  the  vertical  position  3  ^  to 
5°  and  rearward  about  10°. 

By  hand. 

Drive  the  forklift  forward  until  the  forks  arc  complelely  under 
thK  load.  Tilt  and  mast  rearward  as  far  as  it  will  go  and  lift  the 
load. 

2  to  4  inches. 

By  traveling  in  reverse. 

In  reverse  to  prevent  the  load  from  toppling  over. 
Turn  the  ignition  off.  set  the  handbrake,  and  lower  the  torks 
until  they  rest  fiat  on  the  flo<ir  or  ground. 

a.  Close  column  march. 

Advantages:  Full  traffic  capacity  of  the  road  is  used;  better 
communication;  fewer  guides,  escorts,  and  ni;irkcrs 
needed.  Disadvantages:  No  protection  from  observation 
and  attack;  scheduling  problems;  greater  driver  fatigue; 
limits  use  of  highway  to  local  traffic. 

b.  Open  column  march. 

Advantages:   Offers   more   protection   from   attack  and 
observation;  allows  greater  speed;  reduces  driver  fatigue. 
Disadvantages:  Problems  in  communication;  maintaining 
space  between  elements  difficult  for  drivers;  smaller  traffic 
volume. 

c.  Infiltration. 

Advantages;  Best  defense  against  hostile  observation  and 
attack;  higher  .speeds;  each  individual  vehicle  has  more 
freedom.  Disadvantages:  Longer  time  to  complete;  hard  to 
regulate;  more  detailed  briefing  required;  halts  more 
difficult  to  plan. 
Head,  main  body,  and  trail. 

The  pace  setter  (usually  the  same  as  the  slowest  vehicle). 

A  detached  parly  operates  apan  from  the  march  and  performs 

special  duties  in  advance  of  or  following  the  convoy. 

They  provide  for  periods  of  rest,  personal  comfort,  messing, 

refueling,  maintenance  and  inspection  of  equipment,  and  to 

allow  other  traffic  to  pass. 

They  should  be  scheduled  to  allow  10  minutes  rest  after  each 
1 10  minutes  of  running  time. 

(1)  The  comfort  of  personnel  and  (2)  servicing  facilities  for 
vehicles. 

The  amount  and  type  of  cargo  that  is  to  be  moved. 

It  is  used  to  gather  information  concerning  the  route  and  the 

adjacent  areas  for  planning  the  move. 

Number  and  type  vehicles  needed. 

Maps;  forecasters.  Fuel  (or  repairs,  rations,  water);  points  (or 
bottlenecks). 
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174. 


696 


472  -  1,    60  miles. 
A71-2.    lUX)  hours. 
472  -  3.    1130  hours. 
472  -  4.    7  miles. 

472  -  5.    Jackson  Heights 

473  ~  I .    Communications  within  a  convoy  can  be  handled  with  sign 

messages,  written  messages,  two-way  radios,  sounds,  and 
signals  (such  as  hand  and  ami  signals). 


473  -  2,  Messenger  or  pick-up  from  guide  along  route. 

473  -  3.  Signs  ptisted  on  roadway. 

474  -  1 .  The  American  Trucking  Association.  Inc, 

474  -  2.  Slate,   local,   and   military  officials,   and   the  Direcior  of 

Transportation.  Headquarters  USAF. 

474  -  3.  The  base  transportation  officer. 

474  -  4.  The  security  officer. 

474  -  5.  DD  Fonns  1265  and  1266. 
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